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Limited  application  of  the  model  was  accomplished 
using  the  registered  nurse  programs  offered  in  Florida's 
community  colleges.  A set  of  three  manpower  requirement 
scenarios  for  community  college  registered  nurse  program 
graduates  by  geographic  area  was  devised  for  1985.  Each 
of  the  three  manpower  scenarios  was  applied  to  two  different 
community  college  1985  scenarios,  one  which  allowed  the 
community  colleges  complete  freedom  to  respond  to  the  man- 
power scenarios;  the  other  was  constrained  by  trend  analysis 
forecasts  of  student  demand,  available  facilities,  and  appro- 
priations. From  the  analysis  of  the  resulting  six  futures, 
strategies  were  suggested  for  the  community  college  system 
to  prevent  an  anticipated  1985  shortage  of  registered  nurses 
in  Florida. 


CHAPTER  I 
INTRODUCTION 

With  the  evolution  of  a technologically  complex  socie- 
ty, traditional  methods  of  planning,  decision-making,  and 
problem  solving  have  become  inadequate  tools  for  the  education 
administrator.  It  has  become  evident  that  exclusively  verbal 
descriptions  of  complex  systems  and  their  interactions  have 
resulted  in  generalizations  which  have  presented  problems  for 
comparison,  analysis,  and  evaluation.  Numerous  studies  have 
documented  the  increasing  importance  of  quantitative  methods 
in  several  areas  of  administrative  endeavor  (Banghart,  1969; 
Bertalanffy,  1956;  Churchman,  Ackoff,  & Arnoff,  1957;  Goodlad, 
O'Toole,  It  Tyler,  1966;  Hall,  1962;  Optner,  1965;  Van 
Dusseldorp,  Richardson,  It  Foley,  1971;  Wiener,  1950;  1961). 
Three  principle  areas  in  which  quantitative  techniques  have 
been  applied  include:  (1)  planning,  (2)  organizational  con- 

trol and  the  decision-making  process,  and  (3)  the  analysis 
of  how  organizational  systems  work  and  how  their  different 
parts  or  subsystems  are  interrelated  (Bell,  1977;  Martino, 
1972;  Optner,  1975).  Though  these  three  categories  are  hard- 
ly mutually  exclusive,  the  fundamental  utility  of  the  study 
relates  to  the  planning  area. 

Planning  has  been  characterized  as  being  a continuous 
activity.  Churchman  (1968)  expanded  on  this  notion  and  stated 
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data  and  relationships,  and  therefore  differs  from 
opinion  and  prophesy.  <p.  4) 

Different  planning  orientations  or  planning  approaches 
have  been  devised  that  incorporate  different  forecasting 
techniques.  The  three  major  approaches  toward  planning 
for  the  future  in  education  have  been  identified  by  Ziegler 
(1972)  as  preventive,  adaptive,  and  inventive.  The  preven- 
tive approach  has  been  the  most  widely  used  approach.  The 
approach  is  characterized  by  a lack  of  effort  to  examine 
the  unanticipated  consequences  of  intervention  and  to  relate 
forecasts  to  a comprehensive  analysis  of  other  interacting 
variables.  The  future  is  essentially  considered  an  extra- 
polation of  the  past.  When  utilizing  the  adaptive  approach, 
immediate  actions  are  taken  to  adapt  to  the  forecasts  made. 
The  third  planning  approach  is  the  inventive  approach.  One 
principal  characteristic  of  the  inventive  approach  is  the 
recognition  that  the  future  is  not  a predetermined  extrapola- 
tion of  the  past , but  rather  consists  of  an  array  of  alterna- 
tive futures  which  can  be  explained  in  some  detail.  Another 
characteristic  is  the  recognition  that  it  is  both  possible 
and  desirable  to  intervene  creatively  in  the  present  to  bring 
about  a more  desirable  future  (p.  8). 

The  planning  approach,  whether  it  be  preventive,  adap- 
tive, or  inventive  has  been  one  basis  used  to  differentiate 
short-,  medium-,  and  long-range  planning.  Table  1,  adapted 
from  Jarupanich  (1978,  p.  28),  presents  a more  complete 
breakdown  of  planning  type  by  planning  characteristic. 
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intuitive,  exploratory,  normative,  and  feedback.  Though 
other  classification  schemes  have  been  devised  (Joseph, 


the  study. 
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mind"  (1967,  p.  133).  Exploratory  methods  extend  the  past 
or  current  patterns  into  the  future  and  attempt  to  create 
an  awareness  of  the  demands  which  these  patterns  are  "hypo- 
thesized to  create"  (Heinmiller,  1977,  p.  14).  Normative 
techniques  begin  by  determining  future  needs  or  goals  and 
then,  by  working  backward  to  the  present,  a path  for  the 
attainment  of  the  stated  goals  is  formulated  (Sage  & Chobot, 
1974,  p.  162).  Feedback  or  cybernetic  techniques  integrate 
the  normative  and  exploratory  methods  to  create  a future 
state;  modifications  are  incorporated  into  the  scheme  as 
additional  information  is  obtained  (Jantsch,  1967,  p.  113). 

In  this  study  the  medium-  and  long-range  planning 
objectives  of  an  educational  system  were  incorporated  into 
a system  model  that  facilitated  investigating  a series  of 
forecasts,  any  one  of  which  could  represent  the  eventual 
future.  Emphasis  was  on  taking  the  inventive  approach  toward 
the  future.  The  system  model  combined  both  exploratory 
and  normative  methods  to  create  a future  state  and  was  rooted 
in  general  systems  theory. 

In  brief,  general  systems  theory  was  described  by 
Miller  (1965)  as  "a  set  of  related  definitions,  assumptions, 
and  propositions  which  deal  with  reality  as  an  integrated 
hierarchy  of  organizations  of  matter  and  energy"  (p.  193). 

All  systems  display  certain  properties,  and  although  there 
have  come  to  exist  rather  elaborate  listings  of  these  proper- 
ties (see  Miller,  1978),  a few  of  the  more  basic  Immegart 
as  follows: 


(1969)  summarized 


(1)  game  theory,  (2>  queueing  theory, 
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certain  criteria  are  met.  First,  postsecondary  education 
commissions  must  have  the  authority  and  responsibility  to 
collect  all  relevant  data  from  all  postsecondary  education 
institutions  in  the  state  on  a regular  basis.  A comprehensive 
postsecondary  education  system  MIS  simply  must  exist.  It 
should  require  little  change  or  maintenance  from  year  to 
year  and  include  the  maximum  amount  of  pertinent  information 
available.  Secondly,  the  model  can  be  generalized  to  include 
other  programs  existing  in  postsecondary  education  institutions 
to  the  degree  that  these  programs  can  be  related  to  particular 
occupations.  A study  by  Folger  and  Nam  (1964)  demonstrated 
the  difficulty  of  relating  education  preparation  to  occupation 
and  that  in  the  United  States  the  trend  was  toward  increasing 
uncertainty  concerning  this  relationship.  Thirdly,  the 
model  is  dependent  on  general  manpower  and  economic  variables 
and  the  breakdown  of  these  variables  by  geographic  areas 
of  a state.  Fourthly,  generalizability  will  depend  on  the 
extent  that  the  problem  studied  satisfies  the  theoretical 
assumptions  of  linear  programming  and  modeling. 

Justification 

One  major  factor  impelling  the  study  centers  on  the 
investigation  of  the  following  proposition;  Since  OR  has 
proven  itself  in  industry,  similar  applications  to  education 
can  result  in  more  effective  and  efficient  strategies  being 
devised  to  attain  educational  goals  and  meet  society's  needs 
given  a set  of  constraints.  Coombs  and  Hallak  (1972)  offered 


objective  was  optimum  resource  allocation,  meeting  manpower 
requirements,  satisfying  social  demands  for  education,  or 
minimizing  the  social  cost-benefit  ratio.  Panitchpakdi 
(1977,  p.  339)  stated  that  the  typical  model  has  educational 
targets  determined  by  only  one  of  the  above  possibilities. 

The  model  developed  in  the  study  integrated  aspects  of  each 
in  order  to  devise  a more  realistic  representation  of  an 
educational  system. 

Few  operations  research  models  have  utilized  the  in- 
ventive futures  approach  for  medium-  or  long-range  planning 
(Hufner,  1968;  Johnstone,  1974;  McNamara,  1973).  The  study 
was  therefore  heuristic. 

Extending  OR  models  designed  for  a subsystem  of  a 
state  postsecondary  education  system  to  the  entire  system 
is  a function  of  information  availability  and  standardization 
(Harcleroad,  1971,  pp.  34-38;  Krauss,1970,  pp.  86-91).  The 
study,  therefore,  demonstrated  the  need  that  a statewide 
postsecondary  education  MIS  exist. 

Assumpt ions 

For  the  purposes  of  this  study  a number  of  assumptions 
were  made.  The  first  set  of  assumptions  relates  to  the  formu- 
lation of  the  linear  programming  model.  In  order  for  the 
system  to  have  been  represented  by  a linear  programming 
model,  assumptions  of  proportionality,  additivity,  divisibil- 
ity, nonnegativity,  and  deterministic  problem  nature  had 
to  be  made.  Chapter  II  includes  a brief  explanation  of  these 
basic  linear  programming  assumptions. 


models  of  real-life  situations,  that 
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Futures  research.  Investigations  which  enhance  the 
understanding  of  future  consequences  of  current  develop- 

Linear  programming.  A "mathematical  tool  for  obtain- 
ing optimum  solutions  that  do  not  violate  • • • constraints, 
that  cannot  have  negative  activities,  that  require  linearly 
proportional  relationships,  and  that  account  for  all  inputs 
and  outputs  within  the  system"  (Greenberg,  1978,  p.  5). 

Manpower.  The  number  of  persons  employed  in  a given 
occupation  as  function  of  geographical  area. 

Model.  A mathematical  representation  of  a system 
to  be  utilized  for  the  purposes  of  creating  alternative 
future  system  states  and  facilitating  the  formulation  of 
strategies  to  prevent,  achieve,  or  adapt  to  each. 

MPSX . An  abbreviated  form  of  Mathematical  Program- 
ming System  Extended,  an  IBM  computer  code  used  for  linear 
programming  and  closely  related  techniques  (IBM,  1972). 

OB.  An  abbreviation  for  operations  research,  it  is 
an  approach  used  to  assist  in  solving  management  problems 
through  interpretation  and  use  of  available  data  (Schroeder 
& Adams,  1976,  p.  118). 

Public  postsecondary  education.  Education  offered 
by  public  four-year  and  graduate  institutions,  community 
colleges,  technical  institutes,  junior  colleges,  area  voca- 
tional schools,  and  postsecondary  vocational  schools.  Re- 
ferred to,  hereafter,  as  simply  postsecondary  education 
(U.S.  Senate,  1972,  p.  89). 


Registered  nurses. 


'group  includes  occupations 


concerned  with  administering  nursing  care  to  the  ill  or  injured. 
Includes  nursing  administration  and  instruction,  and  public 
health,  industrial,  private  duty,  and  surgical  nursing.  Li- 
censing or  registration  is  required"  (U.  S.  Department  of 
Labor,  1977,  p.  56).  Abbreviated  as  RN. 

Scenario.  A combination  of  a set  of  model  parameters 
or  forecasts  that  affect  the  future  state  of  a system. 

Sensitivity  analysis.  The  analysis  of  the  effect 
on  the  optimal  solution  of  a linear  programming  model  as 
model  parameters  are  changed. 

State  postsecondary  education  commission.  A state 
agency  legally  charged  with  supervising,  evaluating,  organiz- 
ing, regulating,  or  compiling  the  policies  for  a state  post- 
secondary education  system  for  the  purposes  of  planning  and 
coordination,  referred  to  as  the  "1202  commission." 

Statewide  planning.  The  "identification  of  key  prob- 
lems, the  accumulation  of  accurate  data  about  those  problems, 
the  analysis  of  their  interrelationships,  the  examination 
of  alternatives  which  might  emerge  out  of  present  conditions, 
the  evaluation  of  the  probable  consequences  of  introducing 
new  variables,  the  choice  of  the  most  desirable  basic  goals, 
a plan  for  implementing  these  goals,  and  a constant  feedback 
system  for  periodically  reevaluating  both  the  goals  selected 
and  the  appropriate  means  used  to  attain  them"  (Lyddy,  1975, 

p.  26). 

System.  A set  of  interrelated  activities,  units, 
or  variables  (Miller,  1978,  p.  16). 


Procedures 


The  general  procedures  outlined  below  and  detailed 
in  subsequent  sections  were  followed  in  the  study:  (1>  review 

of  related  literature,  (2)  model  development,  and  (3)  develop- 
ment of  alternative  future  scenarios  and  possible  system 
strategies  in  response  to  scenario  conditions. 


Phase  I — Literature  Review 

Literature  reviewed  related  to  statewide  postsecondary 
education  planning  and  research,  operations  research  as  a 
planning  tool,  linear  programming,  and  linear  programming 
computer  codes.  Sources  included  books,  monographs,  and 
articles  identified  through  the  following  indices:  Current 

Index  of  Journals  in  Education.  Dissertation  Abstracts  Interna- 
tional. and  the  Education  Index.  Articles  taken  from  Journals 
outside  education  came  primarily  from  the  following:  Long 

Range  Planning.  Management  Science.  Operations  Research, 
and  Socio-Economic  Planning  Science. 

Review  of  the  rise  of  operations  research  (OR)  as 
a planning  tool  included  a survey  of  selected  mathematical 
programming  techniques  and  probabilistic  models  that  have 
been  developed.  Previous  applications  of  OR  techniques  in 
postsecondary  education  at  the  state  and  national  levels 
were  discussed. 

Description  of  the  general  characteristics  of  linear 
programming  included  a discussion  on  sensitivity  analysis. 

How  linear  programming  was  used  to  create 
was  also  presented. 


alternative  futures 


The  final  section  of  the  literature  review  included 
a general  survey  of  linear  programming  computer  codes.  IBM's 
MPSX  code  was  also  introduced. 

Phase  II  — Model  Development 

The  development  of  the  model  was  accomplished  through 
the  application  of  a series  of  steps  recommended  by  Banghart 
(1969,  p.  297): 

1.  Outline  the  problem. 

2.  Determine  the  constraints. 

3.  Put  the  problem  in  mathematical  form. 

1.  Satisfy  the  linear  programming  assumptions. 

5.  Formulate  the  objective  function. 

6.  Determine  the  optimal  solution. 

7.  Perform  a sensitivity  analysis. 

Step  1.  The  outline  of  the  problem  has  been  presented 
in  Chapter  1.  Rationale  for  selecting  the  registered 
nurse  program  in  Florida's  community  college  system  as  part 
of  the  general  problem  delimitation  was  determined  and  justi- 
fied through  the  literature  review  and  the  analysis  of  Florida' 
community  college  MIS. 

Step  2 and  Step  3.  Primary  constraints  and  functional 
constraint  equations  were  determined  by  Florida  community 
college  system  policies  and  the  data  available  through  the 
Division  of  Community  Colleges.  Data  for  manpower  and  econo- 
mic constraints  were  extracted  mainly  from  U.  S.  government 
publications  and  the  Florida  Statistical  Abstract.  Whenever 


possible,  existing  variable  values  projected  to  the  year 
1985  were  used.  In  the  event  no  such  information  was  avail- 
able for  a variable,  the  simple  trend  analysis  or  the  double 
exponential  smoothing  technique  was  used  to  estimate  the 
variable  value  for  1985. 

Step  4.  It  was  assumed  that  the  model  and  model 
variables  satisfied  the  assumptions  of  linear  programming. 

Step  5.  From  the  wide  range  of  objective  functions 
that  could  have  been  formulated,  the  objective  function 
selected  was  to  maximize  system-wide  enrollment. 

Step  6 and  Step  7.  MPSX  was  the  linear  programming 
computer  code  used  to  determine  the  existence  of  an  optimal 
solution.  A sensitivity  analysis  was  also  accomplished 
using  various  1985  RN  manpower  requirements  scenarios  as 
described  in  Phase  III. 

Phase  III  — Alternative  Future  Scenarios  and  System 

Limited  application  of  the  model  was  accomplished 
using  the  registered  nurse,  RN,  programs  offered  in  Florida's 
community  college  system.  A set  of  three  future  scenarios 
for  1985  based  on  trends  identifiable  in  1980  was  devised 
to  determine  the  1985  manpower  requirements  for  community 
college  RN  program  graduates  by  state  geographic  area.  Each 
of  the  three  manpower  scenarios  was  applied  to  two  different 
community  college  1985  scenarios. 

The  first  community  college  RN  program  scenario. 

Series  I,  was  a normative  scenario  which  described  1985 


community  college  RN  programs  as  having  the  freedom  to 
satisfy  the  manpower  requirements  optimally.  By  the  appli- 
cation of  three  RN  manpower  scenarios,  parameter  ranges  were 
determined  for  the  resulting  ideal  community  college  RN 
program  scenario  futures. 

The  second  community  college  RN  program  scenario. 

Series  II,  was  an  exploratory  scenario  which  described  the 
1985  community  college  RN  program  condition  based  on  1980 
trends.  Again,  parameter  ranges  for  the  resulting  straight- 
line  projection  scenario  futures  were  determined  by  the 
application  of  the  three  RN  manpower  scenarios. 

In  sum,  six  different  1985  futures  were  investigated. 
The  object  of  the  analysis  was  to  compare  Series  I and  Series 
II  futures  to  determine  the  primary  and  secondary  constraints 
in  the  Series  II  futures  that  prevented  the  community  college 
RN  programs  in  1985  from  attaining  the  ideal  Series  I futures. 
Strategies  were  then  suggested  from  the  results. 

Organization  of  the  Research  Report 

The  research  report  contained  the  following  chapters: 

Chapter  I:  An  introduction  to  the  study,  including 

a statement  of  the  problem  with  delimitations,  limitations, 
and  justification  for  the  study,  comprise  this  chapter.  As- 
sumptions are  also  stated,  terms  defined,  and  procedures 
described. 

Chapter  II:  A review  of  the  related  literature  is 

made  in  Chapter  II.  The  literature  on  statewide  postsecondary 
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education  planning  and  research  and  general  operations  re- 
search techniques  is  reviewed.  A general  survey  of  linear 
programming  is  presented  emphasizing  the  simplex  method 
of  solving  linear  programs  and  sensitivity  analysis.  IBM's 
MPSX  computer  code  is  also  introduced. 

Chapter  III:  The  model  development  is  presented 

in  this  chapter. 

Chapter  XV:  A linear  programming  prototype  model 

is  developed  dealing  with  possible  state-level  policies 
and  needs  as  they  relate  to  one  occupational  program  offered 
in  Florida's  community  college  system.  Data  for  the  model 
are  presented  and  analyzed.  A sensitivity  analysis  of  the 
model  is  also  included  in  the  chapter.  Scenarios  depicting 
conditions  affecting  Florida's  community  college  system 
in  1985  are  presented.  Possible  system  strategies  for  each 
future  described  by  the  scenarios  are  suggested. 

Chapter  V:  In  the  final  chapter,  a summary,  conclu- 

sions, and  implications  of  the  study  are  presented.  In 
addition,  directions  for  future  research  are  suggested. 


RELATED  LITERATURE 


CHAPTER 

A SELECTIVE  REVIEW  OF 

Introduction 

In  the  preceding  chapter  a general  survey  of  reasons 
that  necessitated  the  use  of  increasingly  qualitative  methods 
for  long-range  educational  planning  was  presented.  By  utiliz- 
ing the  techniques  of  operations  research  (OR),  it  was  con- 
tended that  a number  of  reasonable  postsecondary  education 
futures  could  be  generated  and  then  used  to  aid  the  develop- 
ment of  planning  strategies  that  either  adapt  to,  prevent, 
or  achieve  each  possible  system  future.  Reviewed  in  this 
chapter  is  material  more  directly  related  to  the  precise 
topic  explored  by  the  study,  the  development  of  a linear 
programming  model  delimited  to  a single  occupational  program 
offered  in  Florida  community  colleges  that  can  be  used  to 
measure  system  responses  to  various  future  conditions. 

Accordingly,  the  review  of  literature  was  divided 
into  three  major  segments:  Operations  Research,  Macro  Edu- 

cational Planning  Models,  and  Linear  Programming  and  the 
MPSX  Code.  First  the  development  of  operations  research 
is  presented  along  with  the  general  characteristics  of  mathe- 
matical programming,  the  category  of  OR  techniques  into  which 
linear  programming  falls.  Next,  background  information  on 
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the  rise  of  OR  techniques  in  system-wide  educational  planning 
is  given.  Several  macro  models  are  reviewed  followed  by 
a critique  of  the  use  of  models  in  educational  planning. 
Finally  the  characteristics,  assumptions,  and  utility  of 
linear  programming  models  are  briefly  reviewed  and  the  MPSX 
computer  code  used  in  the  study  is  explained. 


Operations  Research 

Development 

As  an  organized  activity  in  the  United  States,  opera- 
tions research  (OR)  began  with  the  establishment  of  the 
Operations  Research  Society  of  America  in  1952.  The  origin 
of  OR,  however,  has  generally  been  attributed  to  teams  of 
military  scientists  working  in  Great  Britain  during  World 
War  II  on  strategic  and  tactical  military  problems  (Modar 
& Elmaghraby,  1978,  p.  ix). 

Prior  to  1962,  information  found  in  the  literature 
on  OR  is  scarce.  Indeed,  between  1957  and  1962,  less  than 
a half  dozen  books  on  OR  were  published  in  the  United  States. 
Books  on  OR  since  1962  numbered  in  the  hundreds  and  the  appli- 
cation of  OR  techniques  has  expanded  from  just  the  military 
area  to  include  the  social  sciences,  government,  business, 
economics,  the  natural  sciences,  engineering,  and  mathematics 
(Modar  i Elmaghraby,  1978,  pp.  ix-xi). 

The  rise  of  OR  during  this  period  has  been  attributed 
to  two  primary  factors.  The  first  was  the  development  of 
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1948;  1949).  A number  of  prominent  mathematicians  also  con- 
tributed significantly  to  the  groundwork  theory  and  extension 
of  mathematical  programming.  These  included  Fourier,  Gauss, 
Kantorovich,  Koopmans,  Kuhn,  Tucker,  and  von  Neuman  (Dantzig, 
1963,  p.  13). 

A number  of  mathematical  programming  techniques  have 
been  developed.  The  most  widely  used  techniques  have  included 
linear  programming,  dynamic  programming,  Integer  programming, 
inventory  theory,  nonlinear  programming,  game  theory,  and 
network  analysis.  Linear  programming  is  discussed  in  a fol- 
lowing section.  General  and  specific  treatments  of  all  these 
techniques  have  been  provided  in  a significant  number  of 
texts  and  articles  existing  in  the  literature  and  the  reader 
is  referred  to  these  for  elaboration  (see  Ford  & Fulkerson, 
1962;  Gillett,  1976;  Hadley,  1964;  Hillier  & Lieberman,  1974; 
Hu,  1969;  McKinsey,  1952;  Naddor,  1966;  Nemhauser,  1966). 

A typical  mathematical  program  is  depicted  in  Figure  2. 
What  is  desired  is  the  determination  of  activity  levels  or 
variable  values  that  will  produce  optimal  system  effective- 
ness. The  effectiveness  criterion  is  an  equation  measuring 
the  system's  performance  and  is  labeled  the  objective  function. 
By  introducing  constraints  and  requiring  all  variable  values 
to  be  positive,  the  basic  mathematical  program  characteristics 
are  complete. 


development  of  the  mathematical  programming  OR  approach, 
that  a variety  of  mathematical  programming 
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early  1970 's  has  been  attributed  to  the  two  primary  concerns 
of  efficiency  and  effectiveness.  Both  issues  fall  within 
the  purview  of  mathematical  programming  models.  In  a 1972 
review  of  planning  models  in  higher  education.  Fincher  stated 


the  concern  for  efficiency  may  be  said  to  reflect 
the  public's  concern  for  accountability.  The  con- 
cern for  effectiveness,  however,  may  be  said  to 
reflect  a deeper,  more  pervasive  concern  with  the 
effect  that  higher  education  has  had  on  contemporary 
social,  economic,  political,  and  technological  issues. 

The  rapid  expansion  of  higher  education  during  the 
past  twenty-five  years  has  not  been  accompanied  by 
the  amelioration  of  social,  economic,  and  political 
problems.  It  is  the  amelioration  of  these  problems 
that  demands  more  systematic  planning  in  higher 
education,  (p.  760) 

It  was  the  rapid  expansion  of  postsecondary  education 
from  World  War  II  through  1970  that  was  the  original  reason 
for  increased  statewide  planning  and  which  spawned  an  interest 
in  the  use  of  mathematical  programming  models  in  education. 

For  example,  higher  education  operating  expenditures  for 
the  academic  year  1972-73  totaled  30.2  billion  dollars  which 
represented  a fourfold  increase  from  just  ten  years  before. 

Over  this  same  period,  higher  education  operating  costs  grew 
at  an  annual  rate  twice  that  of  the  gross  national  product 
(Halstead,  1971,  p.  520).  In  addition,  postsecondary  education 
enrollments  had  grown  to  the  extent  that  half  of  the  tradi- 
tionally college-aged  youth  were  involved  in  some  form  of 
postsecondary  education  (Gleazer,  1974,  p.  6). 

These  factors  and  others  showed  the  need  for  statewide 
postsecondary  education  planning  and  coordination,  the  urgency 
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Examples  of  these  micro  models  that  have  been  used  extensive- 
ly are  CAMPUS  (Judy  k Levine,  1965),  SEARCH  (Keane  & Daniel, 
1970),  RRPM  (Hussain,  1971),  HELP/PLANTRAN  (Midwest  Research 
Institute,  1972),  and  EFPM  (Jones  A Updegrove,  1978). 

The  model  developed  in  the  study  was,  however,  a macro 
educational  planning  model.  Macro  models  relate  entire  educa- 
tional systems  to  a system  external  to  education  such  as  the 
economic  system.  The  initial  interest  in  models  of  this 
nature  began  with  the  development  of  several  such  models 
by  the  Organization  of  Economic  Cooperation  and  Development 
(O.E.C.D.)  in  the  early  1960's  (Chirikos  & Wheeler,  1968, 
p.  267).  In  the  United  States,  the  two  most  widely  used 
national  planning  models  for  postsecondary  education  have 
been  the  Federal  Planning  Model  (FPM)  (Huckfeldt,  Weathersby, 

& Kirschling,  1973)  and  the  Postsecondary  Education  Financing 
Model  (PEFM)  (National  Commission  on  the  Financing  of  Post- 
secondary Education,  1973).  The  model  developed  in  this 
study  was  a state-level  rather  than  national  model.  Since 
postsecondary  education  in  1980  was  overwhelmingly  a state 
responsibility,  an  aggregate  model  at  the  state-level  seemed 
more  appropriate  as  a planning  tool.  Models  developed  by 
the  O.E.C.D.  and  others  were  surveyed,  however,  for  relevance 

Macro  educational  planning  models  that  have  integrated 
educational  and  economic  planning  have  been  divided  into 
three  different  approaches  by  Correa  (1975).  They  are: 
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Major  weaknesses  of  this  method  have  included: 

1.  The  approach  leaves  out  supply,  demand,  and  market 
mechanisms  that  determine  the  costs  and  returns 

2.  It  explicitly  excludes  the  influence  on  the  rate 
of  return  of  planned  changes  in  the  output  of 
the  economy  and  the  technology  used. 

3.  If  data  do  not  come  from  an  economy  in  equilibrium, 
they  do  not  reflect  the  actual  costs  and  returns 
of  education  (Correa,  1975,  p.  29). 

The  third  approach  used  to  integrate  educational  and 
economic  systems  for  planning  purposes  has  been  the  use  of 
models  that  have  incorporated  characteristics  of  both  the  man- 
power and  rate-of-return  approaches.  These  have  been  labeled 
optimisation  models  (Correa,  1975,  p.  30).  Reviews  of  linear 
optimization  models  concerned  with  macro  educational  planning 
have  been  written  by  Golladay  (1968,  pp.  29-68),  Johnstone 
(1974,  pp.  177-201),  and  McNamara  (1973,  pp.  13-35). 

Models  and  Planning 

The  orientation  of  this  study  toward  planning  empha- 
sizes that  planning  for  the  future  of  a system  encompasses 
anticipating  all  possible  system  futures  that  have  reasonable 
probabilities  of  occurring  and  developing  strategies  to  adapt, 
prevent,  or  achieve  each  future.  A future  that  is  seen  as 
desirable  results  in  devising  strategies  that  increase  its 
probability  of  occurrence.  Contingency  plans  for  less  desir- 
able futures  are  also  made  which  in  effect  prepare  the  system 
for  the  unexpected.  Aekoff  (1970)  expressed  this  view  of 
planning  as  well  as  a word  of  caution  as  follows: 
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is  optimized  heuristic,  normative,  and  inter- 
active systems  in  which  more  emphasis  is  placed 
on  the  order-of -magnitude  value  judgments  of 
the  participants.  (Mason,  1976,  p.  106) 

Linear  Programming  and  the  MPSX  Computer  Code 
Introduction 

The  OR  technique  used  to  develop  the  mathematical 
model  in  the  study  was  linear  programming.  The  first  portion 
of  this  section,  therefore,  is  structured  as  follows.  First, 
the  primary  characteristics  of  linear  programs  were  delimited. 
The  basic  mathematical  nature  of  the  technique  was  reviewed 
along  with  the  necessary  theoretical  assumptions  of  linear 
programming.  Next,  the  techniques  of  post  optimality  analysis 
were  discussed.  Finally,  the  utilization  of  post  optimality 
analysis  as  a method  of  generating  alternative  system  futures 
for  use  in  long-range  planning  was  presented. 

In  the  final  portion,  the  general  development  of  lin- 
ear programming  computer  codes  is  reviewed.  Since  the  MPSX 
code  was  used  in  the  study,  its  description  comprised  the 
major  part  of  the  discussion. 

Linear  Programming 

Linear  programming  has  been  referred  to  as  basically 
a "mathematical  tool  for  obtaining  optimum  solutions  that 
do  not  violate  various  constraints,  that  cannot  have  negative 
activities,  that  require  linearly  proportional  relationships, 


outputs  within 


system- 


(Greenberg,  1978, 


5).  Figure  4 presents 


of  a linear  programming  model. 

A typical  linear  programming  model  is  presented  in 
vector  notation  as  follows: 


x,  b,  and  o are  the  column  vectors  such  that 


5 the  matrix 


all  a12  ... 
a21  a22 


Equation  2.1  is  called  the  objective  function.  It  represents 
the  function  that  is  being  maximized.  Restrictions  on  the 
solutions  to  the  objective  function  are  described  by  equation 
2.2.  The  restrictions  are  referred  to  as  functional  con- 
straints. Equation  2.3  also  represents  a set  of  restrictions 
referred  to  as  nonnegativity  constraints.  The  Xj  variables 
represent  decision  variables,  while  the  Cj,  bj,  Sjj  are  called 
, 1974,  p.  21). 


parameters  (Hillier  & Lieberman, 
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4.  A Linear  Program  (Adapted  from  Salkin  k 
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Maximize  Z = cx , (2.4) 

subject  to  Ax  = b,  (2.5) 

and  x>o,  (2.6) 

where  in  general  the  A,  b,  c,  and  x matrices  are  different 
here  than  those  used  in  equations  2.1,  2.2,  and  2.3  Trans- 
forming the  inequality  form  of  equation  2.2  to  the  equality 
form  of  equation  2.5  is  accomplished  by  introducing  addition- 
al variables  called  slack  variables  in  the  case  of  "less 
than"  inequalities  and  surplus  variables  in  the  case  of 
"greater  than"  inequalities.  In  addition,  it  is  usually 
convenient  if  all  components  of  the  b vector  are  positive. 
Artificial  variables  must  be  added  in  some  cases  to  secure 
an  initial  basic  feasible  solution. 

Briefly,  the  simplex  method  begins  with  an  initial 
basic  feasible  solution  of  the  linear  programming  model  in 
the  standard  form.  It  then  computes  the  c^'s  for  all  xj>s 
not  in  the  basis.  If  all  these  Xj's  have  negative  c^'s  the 
simplex  method  concludes  that  the  solution  is  optimal.  If 
any  Xj  not, in  the  basis  has  a positive  c - , the  simplex  first 
checks  for  the  possibility  of  an  unbounded  solution.  If 
there  is  no  indication  of  an  unbounded  solution,  the  simplex 
method  selects  the  Xj  not  in  the  basis  with  the  largest  posi- 
tive c . to  enter  the  basis.  The  simplex  method  next  removes 

ble  solution.  The  procedure  is  repeated  until  an  optimal 
solution  or  unbounded  solution  is  reached. 


procedures  have  been  called  sensitivity  analysis  and  have 
been  grouped  under  a broader  process  variously  referred  to 
as  post  optimality  analysis  (Randolph  & Ueeks,  1978,  p.  196), 
post  optimization  (Simonnard,  1966,  p.  138),  or  postoptimal 
analysis  (Greenberg,  1978,  p.  118). 

Sensitivity  analysis  has  been  referred  to  as  the  pro- 
cess for  investigating  the  effect  on  the  optimal  solution 
of  a linear  programming  model  to  changes  in  the  model  para- 
meters— the  ay's,  b^'s,  and  c^'s.  Sensitivity  analysis 
is  important  for  several  reasons.  First,  in  some  instances 
a few  of  the  ay,  bi , and  Cj  parameters  may  be  controllable 
(Dantzig,  1963,  pp.  266-267).  The  effects  of  changes  in 
these  parameter  values  would  be  desirable  to  know  since, 
for  example,  advantages  may  be  gained  in  the  objective  function 
value.  Model  parameters,  particularly  the  b.'s,  are  sometimes 
"set  as  a result  of  policy  decisions  . . . and  these  decisions 
should  be  reviewed  after  seeing  their  consequences  on  what 
can  be  achieved"  (Hillier  & Lieberman,  1974,  p.  182). 

Another  reason  for  sensitivity  analysis  arises  from 
the  fact  that  the  ay,  by  and  Cj  values  may  only  be  estimates 
based  on  some  approximation  of  conditions  in  the  future. 

The  deterministic  assumption  of  linear  programming  models 


reality  this  assumption  can  rarely  be  said  to  hold.  Sensi- 
tivity analysis  is  used  to  determine  the  stability  of  the 
optimum  solution  when  the  model  parameters  are  assumed  con- 
stant and  the  actual  values  of  these  parameters  are  only 
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The  other  crucial  decision  involves  setting  the  number 
of  scenarios  to  develop  and  explore.  Results  of  a survey 
conducted  by  Linneman  & Klein  <1979)  on  the  number  of  scen- 
arios generated  by  a sample  of  corporations  are  presented 
in  Table  2. 


Table  2 

Number  of  Scenarios  Generated 
(Adapted  from  Linneman  & Klein,  1979,  p.  87) 


Number  of  Scenarios  Number  of  Companies 


More  than  half  the  respondents  listed  the  number  of  scenarios 
typically  generated  for  their  most  distant  planning  horizon 
as  three.  In  the  study  model  three  scenarios  were  also  used. 
The  reasons  for  using  three  included  the  following:  (1) 

keeping  the  scenarios  developed  down  to  a manageable  number, 
(2)  time  and  cost  constraints  limited  exploring  many  more 
scenarios,  and  (3)  it  was  assumed  the  three  scenarios  used 
represented  futures  with  the  highest  probabilities  of  occur- 
rence. The  last  point  need  not  be  an  assumption  of  course. 
Methods  such  as  cross-impact  analysis  (Fontela,  1977),  the 
delphi  technique  (Linstone  & Turoff,  1975),  and  bayesian 
statistics  (Morris,  1974;  1977)  do  indeed  provide  procedures 
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for  ranking  scenarios.  Rigorous  application  of  a model  such 
as  the  one  developed  in  this  study  would  include  utilizing 
such  techniques. 

In  summary,  the  linear  programming  OR  approach  has 
been  reviewed  in  general  terms.  The  review  of  literature 
to  this  point  has  been  developed  after  Naylor's  (1977)  six- 
step  approach  for  integrating  planning  models  into  the 
planning  process: 

1.  Review  of  the  planning  environment. 

2.  Specification  of  planning  requirements. 

3.  Definition  of  goals  and  objectives  for  planning. 

4.  Evaluation  of  existing  planning  resources. 

5.  Design  of  an  integrated  planning  and  modeling 
system. 

6.  Formulation  of  a strategy  for  integrating  the 
planning  model  into  the  planning  process,  (p.  11) 

In  addition  to  addressing  the  question  of  integrating 
the  model  into  the  overall  planning  process,  the  first  five 
of  the  following  eight  basic  elements  Naylor  and  Mansfield 
(1977)  considered  essential  for  specifically  designing  com- 
puter based  planning  and  modeling  systems  have  been  investi- 

1.  Planning  System. 

2.  Management  Information  System. 

3.  Modeling  System. 

4.  Forecasting  System. 

5.  Econometric  Modeling. 


6.  User  Orientation  of  the  System. 

7.  System  Availability. 

8.  Software  System.  (p.  16) 

The  last  three  elements  are  attended  to  in  the  final  section 
of  the  literature  review  on  the  MPSX  computer  code. 

MPSX  Computer  Code 

The  first  linear  programming  model  solved  using  a 
digital  computer  was  on  the  National  Bureau  of  Standards 
computer,  the  SEAC,  in  1952  (Gass,  1975,  p.  235).  In  the 
early  1950's,  models  with  as  many  as  two  hundred  functional 
constraints  and  a thousand  decision  variables  were  accomo- 
dated and  solved  in  approximately  five  hours  by  computers 
(Dantzig,  1963,  p.  26).  By  1975,  successful  solutions  had 
been  obtained  for  linear  programming  models  with  50,000 
functional  constraints  and  285,000  decision  variables  (Salkin 
& Saha,  1975,  p.  40). 

Two  approaches  have  been  used  to  derive  solutions 
from  complex  linear  programming  planning  models  on  computers. 
The  first  has  been  to  use  scientific  programming  languages 
such  as  FORTRAN  or  APL . Another  approach  taken  has  been 
to  use  already  existing  planning  and  modeling  software  systems, 
or  computer  codes. 

Advantages  of  developing  specific  computer  programs 
for  every  linear  programming  model  have  included  the  extreme 
flexibility  of  scientific  programming  languages  and  also 
the  fact  that  the  languages  have  been  well-known.  Disadvan- 


included 


following: 


many  commercially  available 


linear  programming  software  systems,  or  computer  codes. 

Salkin  t Saha  (1975,  pp.  40-46)  listed  and  described  twelve 
such  codes  that  have  been  frequently  used.  International 
Business  Machines'  (IBM)  Mathematical  Programming  System 
Extended  (MPSX)  computer  code  was  used  in  this  study.  Stan- 
dardization and  availability  were  the  main  reasons  for  choos- 

The  general  MPSX  card  deck  layout  is  presented  in 
Figure  5.  Cards  1-6  are  the  job  control  language  cards 
(JCL)  which  provide  control  information  to  the  computer 
system.  The  JCL  depicted  were  for  the  University  of  Florida. 
The  control  program  and  data  vary  for  each  model.  A number 
of  publications  have  listed  the  formatting  requirements 
and  available  MPSX  options  (see  Greenberg,  1978,  pp.  99- 
127;  Randolph  & Meeks,  1978,  pp.  41-231;  Sposito,  1975, 
pp.  241-260). 


The  review  of  the  literature  demonstrated  that  the 
operations  research  technique  of  linear  programming  applied 
to  macro  educational  planning  is  an  appropriate  approach 
to  long-range  planning,  particularly  in  view  of  the  advances 
made  in  statewide  postsecondary  education  coordination.  Ad- 
ditionally, linear  programming  and  the  MPSX  computer  code 

scenario  analysis.  Subsequent 
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chapters  attempt  to  develop  a general  linear  programming 
model  for  statewide  postsecondary  education  systems  and  dem- 
onstrate the  use  of  the  model  to  devise  long-range  system 
strategies  that  adapt  tot  prevent,  or  achieve  various  system 
futures. 


CHAPTER  III 
MODEL  DEVELOPMENT 

Introduction 

The  focus  in  this  chapter  is  on  the  development  of 
a prototype  linear  programming  model  for  postsecondary  edu- 
cation systems  in  the  United  States.  The  multiple  scenario 
analysis  approach  is  used  to  create  different  system  con- 
straint conditions.  The  model  is  employed,  then,  to  devise 
alternative  system  strategies  that  consider  each  new  scenario 
situation. 

The  major  aspects  of  the  model  are  comprised  of  three 
submodels.  Simply  stated,  the  first  submodel  is  the  student 
vector  or  supply  aspect  of  the  model.  The  number  of  students 
in  a particular  program  at  a particular  postsecondary  educa- 
tion institution  was  controllable  by  constraint  equations 
which  incorporated  variables  such  as  the  potential  student 
pool,  funding  patterns,  and  square  feet  of  assignable  space. 
The  second  submodel  is  the  future  occupational  demand  aspect 
of  the  model.  This  future  demand  was  described  in  terms 
of  manpower  requirements  as  a function  of  state  geographic 
area  and  occupation.  The  last  submodel  integrated  the  flow 
of  postsecondary  education  institution  program  graduates 
into  "initially  entered"  occupations.  The  integration 


relation  was  represented  by  a probability  matrix  of  where 
graduates  of  particular  programs  from  particular  postsecondary 
education  institutions  go  in  the  state  and  what  occupations 
they  initially  enter. 

The  model  has  incorporated  highly  aggregated  aspects 
of  student  flow  modeling,  fiscal  planning,  program  planning, 
facilities  planning,  and  manpower  requirements  modeling. 

In  this  chapter,  factors  that  were  used  to  construct  linear 
constraint  equations  in  each  of  the  three  submodels  are  de- 
scribed. 


Forecasting  the  Supply  of  Graduates  Submodel 

.Numerous  enrollment  projection  techniques  have  been 
developed  that  vary  considerably  in  sophistication  and  appli- 
cability. Various  descriptions  of  enrollment  projection 
techniques  have  been  made  by  Lins  (1960),  Lyell  and  Toole 
(1971),  and  Mangelson,  Norris,  Poulton,  and  Seeley  (1974). 

The  most  frequently  used  mathematical  enrollment  projection 
techniques  have  been  trend  analysis,  curve  fitting  techniques, 
ratio  method,  cohort  survival,  regression  analysis,  and 
Markov  chains.  Render  (1977)  combined  several  of  the  tech- 
niques in  a state  system  enrollment  forecasting  model  (pp. 
21-29).  Indeed,  as  Render  stated, 

the  techniques  listed  above  may  not  be  considered 
mutually  exclusive,  for  all  could  conceivably  be 
present  in  a given  study  of  national  or  statewide 
forecasting,  (p.  21) 
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Patterned  based  techniques,  correlation  analyses, 
intention  surveys,  and  the  professional  judgment  technique 
have  all  been  integrated  in  the  construction  of  the  supply 
segment  of  the  model.  The  procedure  to  calculate  the  supply 
of  postsecondary  education  institution  program  graduates 
was  divided  into  three  steps:  (1)  the  highly  probable  stu- 

dent demand  calculation,  (2)  formulation  of  the  student 
access  control  equation,  and  (3)  the  calculation  of  the  num- 
ber of  graduates. 


- Determining  the  Probable  Student  Demand 


A description  c 
calculation  is  might  b 


t the  probable  student  demand 
3 accomplished  by  an  examination 
of  what  it  is  not.  It  is  not  the  number  of  students  that 
will  be  attending  public  postsecondary  education  institutions 
at  some  specified  time  in  the  future.  It  is  not  a highly 
abstract  enigma,  nor  an  information-hungry  simulation  model. 

The  calculation  is  a first  approximation  of  what  might 
result  in  the  future  with  program  enrollments  derived  from 
straightforward  patterned  based  techniques.  Both  causal 
and  trend  dimensions  were  integrated  using  the  ratio  method 
and  the  double  exponential  smoothing  technique  in  a linear 
combination  that  could  be  tempered  with  professional  judg- 
ment by  the  selection  of  weighting  factor  values.  The  parti- 
cular form  of  the  calculation  is  as  follows: 


5 S ratios  are  c 
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Forecast  for  One  Institution  by  the 
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The  ratio  method  is  a patterned  based  enrollment 
forecasting  technique  that  is  causal  in  the  sense  that  the 
forecast  it  yields  is  a function  of  the  anticipated  state 
population  by  age  cohort.  For  postsecondary  education  insti- 
tutions such  as  community  colleges  that  have  had  a student 
market  comprised  of  primarily  in-state  students,  the  ratio 
method  as  described  has  worked  accurately.  For  an  insti- 
tution that  draws  heavily  from  out-of-state,  however,  a 
modification  to  R.  is  required  where  the  median,  mean,  the 
most  recent,  or  the  trend  determined  value  of  the  out-of- 
state  headcount  enrollment  for  future  time  t is  added  to 

The  overall  linear  trend  in  total  program  headcount 
enrollment  is  introduced  into  the  probable  student  demand 
calculation  by  the  second  term  in  equation  3.1.  The  second 
term,  Xi,  is  the  double  exponential  smoothing  forecast  of 
program  headcount  enrollment  for  institution  i for  future 
time  t.  Wheelwright  and  Makridakis  (1973,  pp.  44-47)  have 
provided  a detailed  analysis  of  the  theoretical  foundation 
of  the  technique.  The  basic  mathematical  calculation  is 


summarized 


as  follows: 
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Table  4 

Forecast  for  One  Institution  by  the 
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Once  the  ratio  method  and  double  exponential  smoothing 
program  headcount  enrollment  forecasts  have  been  computed  for 
an  institution  for  future  time  t the  values  are  inserted  in 
equation  3.1  To  complete  the  program  headcount  probable  stu- 
dent demand  calculation,  H,,  only  the  values  of  the  weighting 
factors  X,  and  6,  are  required.  As  mentioned  earlier  in  this 
section,  the  weighting  factor  values  are  determined  by  pro- 
fessional judgment.  Indeed,  the  forecasts  obtained  by  the 
ratio  method  and  the  double  exponential  smoothing  technique 
in  reality  set  bounds  on  the  probable  student  demand.  The 
weighting  factors  allow  the  knowledgeable  administrator  to 
prejudice  more  toward  one  of  the  forecasts  than  the  other. 

Since  individual  institutions  and  entire  state  post- 
secondary education  systems  have  allocated  resources  and 
reported  statistics  on  operations  with  the  full-time  equiva- 
lent (FTE)  student  and  not  the  headcount  student  as  the 
common  denominator,  the  student  demand  calculation,  H. , 
is  converted  in  the  final  step  from  a program  headcount 
figure  to  a FTE  student  figure  by  the  FTE  to  headcount  ratio 
for  the  institution.  This  ratio  is  determined  also  by  the 
double  exponential  smoothing  technique  previously  described. 


(3.7) 


is  the  probable  student  demand  in  program 
FTE's  for  institution  i for  future  time  t, 

is  the  probable  student  demand  calculation 
by  program  headcount  for  institution  i for 
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For  purposes  of  discussion  and  analysis,  only  two 
policy  dimensions  were  considered  in  the  model.  Ideally, 
the  effect  of  altering  policies  from  their  trend  projections 
on  equation  3.7  would  include  investigating  funding  patterns, 
square  feet  of  assignable  space,  admissions  policy,  tuition, 
and  student  aid  dimensions.  Only  cost  and  square  feet  of 
assignable  space  for  institutions  by  programs  were  included 
in  the  model.  With  just  two  dimensions  available  to  create 
alternative  strategies  that  adapt  to,  prevent,  or  achieve 
various  future  scenario  conditions,  a considerable  number 
of  possibilities  exist.  Demonstrating  this  point  is  the 
subject  of  the  next  chapter. 

The  first  constraint  limits  the  number  of  full-time 
equivalent  (FTE)  students  enrolled  in  programs  at  a particu- 
lar institution  to  being  less  than  or  equal  to  the  probable 
student  demand  calculation,  F,,’  for  the  institution.  By  not 
changing  admission  policies,  tuition,  and  student  aid  trends, 
F.  can  be  interpreted  as  setting  an  upper  bound  on  the  number 
of  FTE's  that  will  be  generated  by  an  institution  at  some 
future  point  in  time.  The  degree  to  which  the  F, 's  are  satis- 
fied for  all  postsecondary  education  institutions  therefore 
indicates  how  well  the  system  meets  the  anticipated  needs  of 
the  citizenry.  In  sum, 
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is  the  number  of  FTE  students  enrolled  at 
institution  i in  program  j for  future  time 
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graduates  from  a particular  program  at  an  institution  at 
some  future  point  in  time.  Patterned  based  techniques  are 
used  to  derive  the  ratio  of  the  number  of  program  graduates 
to  the  number  of  program  FTE  students  for  future  time  t 
which,  when  multiplied  by  the  anticipated  number  of  program 
FTE  students  for  future  time  t,  yields  the  anticipated  number 
of  program  graduates  for  that  year.  Simply  put, 


(3.15) 


is  the  ratio  of  the  number  c 
program  j at  institution  i 1 
FTE  students  in  program  j al 
for  future  time  t,  and 


: graduates  from 
> the  number  of 
Institution  i 


Equation  3.15  expresses  the  assertion  that  given 
an  empirically  determined  ratio  of  the  number  of  graduates 
to  the  FTE  enrollment  in  a program  at  a postsecondary  educa- 
tion institution,  the  expected  number  of  graduates  from 
that  program  for  some  future  year  can  be  estimated  if  the 
FTE  program  enrollment  is  given.  Conversion  to  headcount 
graduates  is  necessary  since  manpower  requirements  projec- 
tions on  the  whole  have  estimated  the  number  of  individuals 
needed  by  various  occupations.  The  integration  of  future 
occupation  demand  and  student  flow  constraints  is  the  topic 
of  the  next  two  submodels. 


Forecasting  Occupation  Demand  Submodel 


Tbe  occupation  demand  segment  of  the  model  involves 
the  generation  of  a forecast  of  the  demand  for  manpower 
by  occupation  and  state  geographic  region  for  some  future 
time.  Manpower  requirements  models,  such  as  those  developed 
by  Chance  (1966),  Correa  (1969a),  Le  Vasseur  (1969),  Maki 
(1970),  and  Ritzen  (1976),  have  modeled  relationships  between 
the  education  and  economic  sectors  to  optimize  investments 
in  education  in  order  to  satisfy  labor  demands.  Indeed, 
the  forecasting  of  manpower  needs  has  become  a routine  matter 
in  various  divisions  of  federal  and  state  agencies.  The 
increasing  level  of  sophistication  and  mathematical  rigor 
of  the  state-of-the-art  manpower  models  advises  the  integra- 
tion of  existing  manpower  forecasts  with  this  model  and 
not  the  development  of  a manpower  submodel  to  generate  ori- 
ginal forecasts.  Thus,  the  problem  reduces  to  one  of  locating 
and  integrating  existing  manpower  forecasting  efforts. 

A problem  that  has  existed  with  the  integration  of 
federal  manpower  requirements  forecasts  into  the  model , 
for  example  the  manpower  forecasts  available  through  a re- 
view of  the  Dictionary  of  Federal  Statistics  for  Local  Areas 
(U.  s.  Department  of  Commerce,  1978),  has  been  that  manpower 
requirements  forecasts  have  been  reported  in  statistics 
too  highly  aggregated  by  occupational  group  and  by  geographic 
region.  Ideally,  forecasts  for  occupations  requiring  post- 
secondary  education  training  by  state  county  are  needed 


Dictionary  of  Occupational  Titles 


(U.  S.  Department  of  Labor,  1977)  showed  that  the  federal 
government  has  broken  occupations  up  into  nine  broad  categor- 
ies. The  nine  categories  have  been  further  subdivided  into 
a nine-digit  DOT  number  which  delimits  a specific  job  title. 
The  first  three  digits  of  the  DOT  occupational  titles  repre- 
sented occupational  groups  that  best  related  to  preparation 
programs  offered  in  postsecondary  education  institutions. 

In  1980,  there  were  979  three-digit  occupational  group  DOT 
numbers  specified.  Manpower  requirements  forecasts  existed 
for  a number  of  the  groups,  however  no  unified,  comprehensive 
analysis  of  all  979  occupational  groups  was  found.  The 
model  is  handicapped  to  the  extent  that  manpower  needs  fore- 
casts for  occupations  requiring  postsecondary  education 
training  are  available. 

Manpower  forecasts  for  highly  delimited  occupational 
groups  by  the  federal  government  have  used  states  as  the 
local  areas  or  regions  for  statistical  reporting  almost 
invariably.  Breaking  down  the  state  totals  for  expected 
additional  manpower  by  DOT  number  for  some  future  time  by 
county  was  accomplished  by  taking  the  arithmetic  mean  of 
two  elements,  one  prorating  the  change  in  occupation  need 
to  the  ratio  of  anticipated  county  population  to  anticipated 
state  population  change  from  the  base  year  to  the  future 
year,  the  other  prorating  the  manpower  requirements  using 
the  ratio  of  future  county  to  state  population. 
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frustration,  and  results  in  wasted  investment  both  by  the 
state  and  the  individual.  Blame  for  either  situation  rests 
with  ineffective  educational  planning.  The  very  fact  that 
both  students  and  state  funds  earmarked  for  postsecondary 
education  systems  are  scarce  resources  dictates  that  supply 
and  demand  factors  be  an  integral  part  of  responsible  educa- 
tional planning. 

Accomplishing  the  goal  of  supply  and  demand  integra- 
tion is  achieved  by  first  ascertaining  which  occupations 
graduates  of  particular  programs  have  entered  in  the  past. 

These  quantities  are  defined  as  participation  rates.  Assuming 
that  the  participation  rates  remain  stable  until  the  planning 
horizon,  when  the  rates  are  equated  with  future  occupation 
needs,  they  gauge  how  many  and  in  what  program  areas  graduates 
from  particular  postsecondary  education  institutions  are 
required  in  specific  areas  of  a state. 

Participation  rates  are  determined  by  an  analysis 
of  where  and  into  what  occupations  the  past  graduates  of 
particular  programs  at  an  institution  have  entered  after 
some  defined  time  lapse  after  graduation.  The  time  lapse 
functions  as  a Job  hunting  and  adjustment  period  for  graduates. 
Participation  rates  are  necessary  for  relating  each  program 
an  institution  offers  to  each  occupational  group  in  each 
oounty  in  the  state.  Table  5 summarizes  the  information 
required  where  the  aJk<i,U  are  defined  as  the  participation 
rates  for  graduates  from  program  j at  institution  i that 
have  found  employment  in  occupation  t in  county  k. 


The  Student  Flow  Matrix  - 
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policy  that  the 
students  in  a particular  program  only  to  the  point  where 
there  exists  a reasonable  probability  of  employment  resulting 
from  that  program  after  program  completion. 

Since  most  postsecondary  education  institutions  have 
not  regularly  conducted  follow-up  studies  of  graduates, 
obtaining  existing  data  for  the  submodel  constraint  relations 
will  be  severely  handicapped  until  the  situation  changes. 
Ideally,  a simple  questionnaire  sent  to  a sample  of  graduates 
one  year  after  graduation  would  enable  the  calculation  of 
participation  rates.  Approximations  of  the  participation 
rates  could  be  derived  from  data  already  existing  at  institu- 
tion alumni  offices  as  a starting  point. 

The  Objective  Function 

The  objective  function  for  the  model  reflects  the 
philosophy  that  the  goal  of  a state's  postsecondary  education 
system  is  to  provide  the  best  possible  education  to  the 
greatest  number  of  citizens.  Constraints  developed  in  the 
three  submodels  of  this  chapter  function  as  confining  system- 
wide  enrollment  by  the  availability  of  resources,  social 
demands  for  educational  services,  and  manpower  requirements 
for  an  educated  and  trained  work  force.  Expressed  mathemati- 
cally,  the  objective  function  is 
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P,  . is  the  number  of  FTE  students  enrolled 

1J  at  institution  i in  program  ,j  for  future 

Maximizing  system-wide  enrollment  may  at  first  appear 
to  be  a peculiar  choice  for  the  objective  function.  For 
example,  writing  the  model  in  a form  where  the  objective 
function  minimizes  system  expenditures  subject  to  minimal 
standard  enrollment,  space  use,  student  demand,  and  manpower 
requirements  conditions  may  appear  more  appropriate.  The 
same  end,  however,  is  achieved  in  the  model  as  derived. 

An  objective  function  of  the  form  used  also  facilitates 
the  analysis  of  the  ideal  situation  where  exactly  the  right 
amount  of  money,  facilities,  and  students  exist  for  each 
program  and  each  institution  to  meet  state  manpower  require- 
ments in  an  optimal  manner. 


The  model  developed  in  this  chapter  used  an  objective 
function  that  maximized  system-wide  enrollment  for  some 
future  time.  Three  submodels  were  developed  to  facilitate 
the  development  of  relations  that  were  used  to  constrain 
institution  enrollments.  The  first  submodel  involved  the 
determination  of  the  probable  student  demand.  A number 
of  policy  actions  taken  at  either  the  state  or  institution 
level  were  mathematically  related  to  a probable  student 
demand  calculation  as  a means  for  controlling  program  enroll- 
ments. The  second  submodel  described  how  occupation  demand 


forecasts  were  obtained  and  integrated  into  the  model.  The 
last  submodel  related  occupations  and  educational  programs 
through  the  development  of  a student  flow  matrix.  The  man- 
power requirements  for  graduates  of  particular  educational 
programs  formed  constraint  relations.  A summary  of  the 
model  variables,  defining  equations,  constraint  equations, 
and  objective  function  is  given  in  Appendix  A. 

The  model  developed  was  applied  to  the  analysis  of 
the  registered  nurse  programs  in  Florida's  community  college 
system  using  three  registered  nurse  manpower  requirements 
scenarios  in  the  next  chapter.  As  this  was  only  a partial 
implementation  of  what  would  be  required  for  meaningful 
results,  the  exercise  was  in  reality  a demonstration  of 
the  model  procedures  and  feasibility. 


CHAPTER  IV 

A LIMITED  APPLICATION  OF  THE  MODEL 
Introduction 

The  model  developed  in  Chapter  III  was  applied  in 
a limited  fashion  to  the  21  public  community  colleges  in 
Florida  that  offered  complete  registered  nurse  (RN)  programs 
in  1980.  The  emphasis  in  this  chapter  was  on  implementation 
and  analysis  procedures  which  served  to  demonstrate  how 
the  model  could  be  used  as  a planning  tool.  Since  this 
was  only  a partial  implementation  of  the  model,  a number 
of  the  defining  and  constraint  equations  developed  in  the 
previous  chapter  were  necessarily  modified.  Strategies 
developed  in  response  to  various  1985  RN  occupation  demand 
scenarios  that  could  be  directly  applied  to  the  Florida 
community  college  system  in  1980  were  not  the  primary  interest 
and  should  be  viewed  accordingly. 

An  initial  step  required  in  setting  up  a linear  pro- 
gramming model  involves  determining  the  form  of  the  constraint 
equations  and  estimating  the  constraint  and  objective  func- 
tion parameter  values.  Recall  that  the  standard  form  of 
a linear  program  from  Chapter  II  is 

Maximize  Z = cx  , (2.1) 


subject 


(2.2) 


trix  is  comprised  ot  the  model  decision  varia- 
, A,  and  b matrices  contain  the  model  parameters, 
n developed  in  Chapter  III , the  P^j's  are 
the  decision  variables  and  comprise  the  x matrix.  The  A 
matrix  contains  the  parameters  oy.  ay,  and  r^yi.l) 
and  the  b matrix  contains  the  F^,  C^j,  A^j,  and  parameters. 
When  applied  to  the  21  Florida  community  colleges  that  of- 
fered complete  RN  programs  in  1980,  the  model  in  standard 
form  reduced  to 

21 

Maximize  2 = J 3J303B10*  (4.1) 

subject  to 

Pi  -Fi,,  , • (4.2) 


Here,  j - mirni  was  the  community  college  Information 
Classification  Structure  (ICS)  number  for  RN  programs  offered 
in  Florida  community  colleges  in  1980  (see  Florida  Department 
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Parameter  Determination 


The  Supply  of  Graduates  Submodel 

The  first  step  in  forecasting  the  supply  of  RN  program 
graduates  in  1985  from  Florida  community  colleges  involved 
the  estimation  of  the  probable  student  demand  for  RN  programs 
in  1985  by  institution.  As  described  in  Chapter  1II|  equa- 
tion 3.1  provides  the  total  anticipated  demand  for  educational 
services  from  a particular  institution  at  some  future  time. 

It  does  not  function  to  the  program  level.  Approximations 
of  RN  program  probable  student  demands  were  obtained  by 
taking  the  1978-79  RN  program  enrollments  from  the  AA-1 
reports  for  all  the  community  colleges  (Florida  Department 
of  Education,  Division  of  Community  Colleges,  1980a)  and 
multiplying  the  figures  by  a constant  factor  of  1.5.  The 
constant  factor,  in  this  case,  was  purely  an  estimation 
based  on  discussions  with  Division  of  Community  Colleges 
staff  on  the  average  system-wide  RN  application  to  enrollment 
ratio.  The  major  assumption  was,  therefore,  that  the  social 
demand  for  RN  program  enrollment  in  1985  for  each  of  the 
community  colleges  offering  complete  RN  programs  in  1980 
will  be  1.5  times  greater  than  1978-79  enrollments,  it 
was  also  assumed  that  new  RN  programs  would  not  be  started 
in  the  community  college  system  prior  to  1985. 

Converting  the  headcount  demand  to  FTE  demand  was 
accomplished  through  equation  3.7  with  the  program  to  head- 
count  ratios,  the  gi's,  set  equal  to  one.  The  assumption 


was  that  RN  program  students  at  the  community  colleges  have 
taken  and  will  continue  through  1985  to  take  an  average 
of  30  semester  credit  hours  a year.  The  12305010  values 
used  for  constraint  equation  4.2  for  all  21  community  colleges 
are  summarized  in  Table  10. 

In  calculating  the  parameter  values  of  the  student 
access  control  constraints  described  by  equations  4.3  and 
4.4,  Division  of  Community  Colleges  and  Of fice  of  Facilities 
Construction  data  were  used.  Cost  per  RN  FTE  parameter 
values,  or  the  c^  12Jflj010  parameters  in  equation  4.3,  were 
derived  as  the  sum  of  the  1978-79  instructional  and  support 
costs  per  RN  FTE.  Instructional  cost  data  were  obtained 
from  the  1978-79  CA-3  reports  for  each  community  college 
(Florida  Department  of  Education,  Division  of  Community 
Colleges,  1980c).  Since  the  CA-3  reports  provided  cost 
information  by  courses,  it  was  necessary  to  compile  the 
RN  major  required  courses  for  each  community  college  from 
the  institution's  catalog.  The  number  of  credits  for  each 
course  was  multiplied  by  the  CA-3  report  cost  per  student 
figure.  Once  the  total  institutional  course  cost  per  stu- 
dent was  calculated  by  summing  the  individual  course  instruc- 
tional costs,  it  was  necessary  to  average  the  cost  on  a 
per  year  basis  and  then  normalize  the  cost  per  student  to 
a cost  per  FTE.  Table  6 summarizes  the  procedure  for  one 
community  college. 

Once  the  instructional  costs  per  FTE  were  calculated, 
physical  plant,  institutional,  student  services,  and  academic 
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support  costs  per  FTE  were  also 
parameter  values  lor  each  community  college.  Data  for  the 
support  costs  were  obtained  from  the  Report  for  Florida 
Community  Colleges  1978-79  (Florida  Department  of  Education, 
Division  of  Community  Colleges,  1980d,  pp.  84-88).  An  exam- 
ple of  how  the  c^  12 30 a0 10  parameter  for  a single  community 
college  was  arrived  at  after  adding  support  costs  to  the 
instructional  cost  is  presented  in  Table  7.  The  assumption 
was  made  that  the  relative  costs  of  different  RN  programs 
remained  fixed  through  1985. 

To  estimate  the  assignable  square  feet  of  space  needed 
per  RN  FTE  for  each  community  college,  the  a^  l23030)i0  para- 
meters in  equation  4.4,  two  assumptions  were  made:  (1) 

the  RN  FTE  space  requirements  are  the  same  system-wide, 
and  (2)  that  the  space  requirement  figures  remain  unchanged 
from  1980  through  1985.  The  occupational  lab  space  factor 
derived  by  the  Office  of  Facilities  Construction  for  esti- 
mating facilities  needs  was  used.  The  effect  of  the  standard 
was  to  provide  approximately  46  assignable  square  feet  per 
occupational  FTE  (Florida  Department  of  Education,  Office 
of  Facilities  Construction,  1978,  p.  2).  The  definition 
of  annualized  FTE  used  in  the  study  has  been  30  semester 
credit  hours  taken  in  one  year,  or  a semester  average  of 
15  hours.  Dividing  by  five,  the  estimate  of  the  number 
of  contact  hours  per  day  was  determined  to  be  three.  In 
one  day,  therefore,  approximately  3 x 46  or  138  assignable 
square  feet  are  consumed  per  RN  FTE. 
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The  .V  ^2303010  Parameter  values  for  equation  4.4  were 
arrived  at  using  1978-79  RF-1  reports  from  each  community 
college  (Florida  Department  of  Education,  Division  of  Com- 
munity Colleges,  1980e),  a unit  space  analysis  computer 
run  on  the  current  room  inventory  by  the  Division  of  Community 
Colleges,  and  in  some  cases  community  college  facilities 
personnel  were  contacted  directly.  The  gross  RN  space  figures 
obtained  were  multiplied  by  seven  to  provide  an  estimation 
of  the  total  RN  assignable  square  feet  of  space  available 
in  a day.  The  assumptions  were  that  RN  facilities  have 
been  and  will  continue  to  be  utilized  at  most  seven  hours 
per  day  through  1985  and  that  the  RN  space  available  in 
1979  will  remain  fixed  in  terms  of  assignable  square  feet 
of  space.  Using  the  1978-79  RF-1  report  for  Polk  Community 
College  produced  the  figures  listed  in  Table  8. 

The  third  step  in  the  supply  of  graduates  submodel 
was  to  estimate  the  number  of  graduates.  To  accomplish 
this,  the  Tj  ratios  in  equation  3.15  were  calculated 

using  AA-1  reports  for  each  community  for  each  year  from 
1975-76  through  1978-79  (Florida  Department  of  Education, 
Division  of  Community  Colleges,  1977b;  1978;  1979;  1980a). 

A simple  weighted  average  ratio  of  RN  program  completions 
to  enrollments  was  used  for  the  following  reasons:  (1) 

several  RN  programs  were  not  in  existence  long  enough  to 
yield  sufficient  data  entries  to  justify  using  the  double 
exponential  smoothing  algorithm,  (2)  early  RN  enrollment 
figures  skew  a simple  mean,  and  (3)  inaccurate  data.  The 


Table  8 

Calculation  of  the  Total  Assignable  Square  Feet  of  Space 
for  the  RN  Program  at  Polk  Community  College 


last  point  is  demonstrated  by  the  fact  that  Division  of 
Community  Colleges  data  seldom  agreed  with  National  League 
for  Nursing  data  for  the  same  time  periods  (National  League 
for  Nursing,  1976;  1977;  1978;  1979).  A demonstration  of 
the  ratio  of  the  number  of  RN  graduates  to  FTE  calculation 
for  one  community  college  is  displayed  in  Table  9.  The 
assumption  here  was  that  the  ratios  as  determined  represent 
the  1985  conditions. 


A summary  of  all  the  parameters  used  in  the  supply 
of  graduates  submodel  except  the  Ci  ,2„stl0  parameters  is 
presented  in  Table  10.  The  ^i12a0j010  parameters  are  specified 


primary  elements  it 


102 


; avzrs 


;i;srs.v 


106 


In  the  next  step,  equations  3.16  and  3.17  were  used 
to  break  down  the  state  requirements  into  county  units. 

For  the  baseline  scenario,  equation  3.16  is 


which  represents  the  average  number  of  total  additional 
RN's  needed  each  year  in  the  five-year  period  from  1980 
to  1985  in  Florida.  The  annual  net  attrition  rate  value, 
^075'  °*  4.7X  for  RN's  was  taken  from  a Florida  Board  of 
Regents'  manpower  study  (1968,  p.  12).  Here,  67  is  the 
number  of  Florida  counties  and  075  is  the  Dictionary  of 
Occupational  Titles,  DOT,  number  for  the  registered  nurse 
occupation.  Medium  midyear  population  projections  by  county 
were  obtained  from  the  Florida  Statistical  Abstract  79  (1979, 
pp.  11-16)  and  used  in  equation  3.17.  Since  a number  of 
counties  in  Florida  had  relatively  small  populations  and 
thus  small  RN  yearly  requirements,  the  number  of  counties 
specifically  considered  in  the  analysis  was  reduced  from 
67  to  28.  Requirements  from  equation  3.16  for  the  39  coun- 
ties not  specifically  considered  were  summed  and  then  evenly 
distributed  to  the  28  that  were.  For  the  baseline  scenario, 
the  total  additional  RN  manpower  requirements  for  1985  by 
county  k = 1,2, 3,..., 28  are  summarized  in  Table  12.  By 
a similar  procedure,  manpower  requirements  under  the  NHI 
and  COMB  scenarios  were  derived  and  are  also  listed  in 
Table  12.  A county  key  is  supplied  in  Appendix  B. 
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Tbe  anticipated  need  for  public  postsecondary  educa- 
tion RN  program  graduates  in  1985  were  calculated  from  the 
data  in  Table  12  and  by  considering  in-migration  and  private 
postsecondary  education  contributions  to  the  RN  work  force 
in  the  form  of  equation  3.18.  The  in-migration  factor, 
mQ^g,  was  approximated  using  1970  U.  S.  census  data  (U.  S. 
Department  of  Commerce,  1973,  pp.  69,  212).  The  number 
of  in-migrants  from  1965  to  1970  from  different  states  and 
abroad  to  Florida  was  summed  and  then  divided  by  the  number 
of  years  over  which  the  migration  occurred.  It  was  assumed 
the  in-migrant  population  age  distribution  was  similar  to 
Florida's  as  a whole.  The  proportion  of  over  65-year-olds 
and  under  20-year-olds  was  discounted,  which  left  an  approxi- 
mate figure  of  how  many  able  workers  were  available  for 
employment.  This  figure  was  then  simply  divided  by  the 
number  of  DOT  occupational  groups  to  yield  the  average  ap- 
proximate number  of  RN's  that  in-migrated  to  Florida  in 
any  year  in  the  period  from  1965  to  1970.  The  quantity 
obtained  was  used  as  the  total  number  of  in-migrating  RN's 
in  1985  to  the  state  of  Florida.  It  was  further  assumed 
that  in-migrating  RN's  distributed  evenly  throughout  the 
state.  A figure  of  5 was  obtained  for  h1q75. 

The  fraction  of  new  1985  RN  positions  expected  to 
be  filled  by  1985  public  community  college  RN  program  gradu- 
ates, nQ7s , was  derived  utilizing  National  League  for  Nurs- 
ing data  from  1975  through  1979.  To  the  nearest  101 , a 
mean  figure  of  70X  was  obtained  for  n07_ 


( National  League 
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for  Nursing,  1975,  1976,  1977,  1978,  1979).  Table  13  sum- 
marizes Che  1985  anticipated  need  for  public  community  college 
RN  program  graduates  for  the  RN  occupation  under  three  dif- 
ferent scenario  conditions. 

The  Student  Flow  Submodel 

The  parameters  estimated  in  this  section  are  the 
RN  participation  rates,  the  a)JJ(J(10  . (i,075)  parameters, 
in  equation  4.5.  The  1978-79  AA-2  placements  reports  for 
each  community  college  were  surveyed  and  found  inadequate 
for  determining  participation  rates  due  to  lack  of  detail 
concerning  the  occupations  held  by  program  graduates  (Florida 
Department  of  Education,  Division  of  Community  Colleges, 
1980b).  The  participation  rates  displayed  in  Table  14  were 
approximated  by  intuitive  integration  of  past  RN  enrollments, 
county  RN  needs  as  a function  of  population,  and  the  proxi- 
mity of  place  of  employment  with  community  college.  The 
emphasis  was  on  accounting  for  the  primary  RN  graduate  flows. 
It  was  assumed  that  one  year  after  graduation,  approximately 
80!  of  the  RN  program  graduates  from  each  community  college 
find  employment  in  the  RN  occupation  in  Florida  and  that 
this  rate  is  constant  over  the  planning  period. 

Summary 

All  parameters  in  equations  4.2  through  4.5  have 
been  estimated  except  the  C^  13303ft30  parameters.  A number 
of  simplifying  assumptions  were  necessary  due  to  the  limited 
nature  of  the  application  example  and  to  difficulties  with 


Table  14 

Student  Flow  Matrix  for 
RN  Program  Graduates*  ' 


•All  non-speoif led  matrix  elements  have  a value  of  0.004. 
••Appendix  B has  community  college  and  county  keys. 


parameters 


ignated  as  the  primary  model  parameters  used  to  depict  alter- 
native system  strategies  that  respond  to  the  three  different 
RN  occupation  demand  scenarios.  With  all  other  parameters 
held  constant , the  varying  of  the  q~-  RN  manpower  require- 
ments parameters  constitutes  a sensitivity  analysis  of  the 
optimal  distribution  of  RN  program  FTE's  throughout  Florida's 
community  college  system  in  1985. 

Description 

For  the  purposes  of  demonstrating  how  the  model  may 
be  used  as  a planning  tool  for  postsecondary  education, 
six  possible  1985  Florida  community  college  system  futures 
were  considered  dealing  specifically  with  RN  programs.  The 
six  futures  were  divided  evenly  into  two  broad  categories. 
Three  Series  1 futures  represented  situations  where  RN  pro- 
gram costs,  enrollments,  and  facilities  parameters  were 
determined  solely  by  the  anticipated  1985  RN  manpower  require- 
ments scenarios.  Series  I futures  were  determined  by  norma- 
tive futures  forecasting  techniques  and  were  defined  as 
the  most  desired,  or  ideal  system  future  states.  Three 
Series  II  futures  integrated  anticipated  RN  enrollments 
and  facilities  parameters,  determined  by  explorative  futures 
forecasting  trend  analysis  methods,  with  anticipated  1985 
RN  manpower  requirements  scenarios.  Series  II  futures 


represented  simple  projections  of  1980  trends  into  the 

In  this  section,  analyses  of  the  baseline,  NHI,  and 
COMB  1985  RN  manpower  requirements  scenarios  within  Series 
I and  Series  II  Florida  community  college  RN  program  sce- 
narios are  presented.  The  community  college  scenarios  de- 
veloped included  community  college  RN  program  enrollment, 
facilities,  and  expenditure  dimensions.  Since  Series  I 
enrollment,  facilities,  and  expenditure  parameter  values 
characterized  the  most  desired  system  future  states,  strate- 
gies were  developed  for  each  community  college  RN  program 
that  specify  what  modifications  are  needed  to  increase  the 
probability  that  a Series  I future  will  occur  and  decrease 
the  probability  that  the  corresponding  Series  II  future 
will  occur.  In  Appendix  C,  the  Series  II  baseline  scenario 
future  is  provided  for  reference. 

Enrollment  Analysis 

The  analysis  of  the  anticipated  1985  RN  program  en- 
rollments at  Florida's  community  colleges  consisted  of  com- 
paring Series  I and  Series  II  enrollments  with  each  other 
and  with  the  probable  student  demand  figures  derived  in 
the  previous  section.  Series  I enrollments  were  obtained 
by  letting  the  parameters  in  equations  4.2,  4.3,  and  4.4 
corresponding  to  the  b matrix  elements  in  equation  2.2  be 
free  variables,  thus  allowing  the  remaining  model  constraint 
determine  their  values.  Series  II  enrollments  were  obtained 


by  using 


previous 


the  parameter  values  determined  in  the 
section,  letting  only  the  total  cost  parameters,  the 
be  free  variables. 

In  Table  15,  the  results  of  Series  I and  Series  II 
conditions  on  enrollments  are  depicted.  Comparing  Series  1 
enrollments  with  the  anticipated  demand,  only  the  anticipated 
demand  figure  for  community  college  17  occurred  between 
its  Series  I enrollment  bounds.  The  anticipated  student 
demand  at  school  17  therefore  coincides  with  what  will  be 
needed.  Approximately  38 S of  the  schools  have  ideal  Series  I 
enrollments  less  than  their  anticipated  demands  while  at 
57%  of  the  schools,  the  demand  is  less  than  the  enrollment 


The  most  severe  differences  between  anticipated  stu- 
dent demand  and  Series  I enrollments  occur  at  schools  2, 

6,  7,  11,  and  13.  The  Series  I enrollment  needs  for  schools 
2 and  15  range  from  2.1  to  4.3  times  the  anticipated  student 
demand.  This  means  that  unless  the  schools  take  measures 
to  change  the  anticipated  student  demand  for  BN  programs 
in  1983,  serious  discrepancies  will  exist  between  the  number 
of  students  wanting  to  enter  RN  programs  at  these  schools 
and  the  number  of  students  needed  in  the  programs  to  meet 
area  manpower  requirements.  At  schools  6,  7,  and  11,  more 
students  are  anticipated  to  want  to  enter  RN  programs  in 
1985  than  are  needed  to  fill  area  manpower  requirements. 

The  anticipated  student  demand  for  the  schools  range  from 
1.9  to  10.7  times  the  Series  I enrollment  needs.  Since 


Series  I enrollment  needs 


schools  7 and 


the  possibility  of  phasing  RN  programs  out  of  these  schools 
must  be  a consideration. 

Series  II  enrollments  were  limited  in  13  schools 
by  the  anticipated  student  demand.  Twelve  of  these  schools 
corresponded  to  Series  I schools  that  needed  to  act  on  in- 
creasing their  1985  anticipated  student  demand.  Only  five 
schools  had  a Series  IX  enrollment  range  that  overlapped 
their  Series  I enrollment  range.  If  the  trend  extrapolation 
enrollments  represented  by  Series  II  figures  persisted  in 
1985.  the  anticipated  RN  student  demand  will  not  be  met. 

System  totals  show  the  average  Series  I enrollment 
need  to  be  18?  greater  than  the  anticipated  student  demand. 
The  Series  II  enrollment  need,  however,  is  20%  less  than 
the  anticipated  student  demand.  In  sum,  38%  fewer  RN  FTE's 
are  expected  by  trend  extrapolation  in  1985  than  are  expected 
to  be  needed  in  Florida's  community  college  system  to  meet 
the  state's  RN  manpower  requirements. 


Space  Analysis 

The  total  1985  anticipated  RN  program  space  for  a 
seven  hour  day  for  each  community  college,  you  may  recall, 
was  taken  to  be  equal  the  RN  program  space  provided  in  the 
1978-79  academic  year.  Comparisons  of  the  Series  I and 
Series  II  space  needs  with  the  anticipated  available  RN 
space  were  made  from  Table  16  data. 


colleges  12  and  14  were  within  their  Series  I ranges.  Eleven 
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schools  needed  more  space  than  was  anticipated  to  be 
available  while  8 had  Series  1 space  needs  less  than  their 
anticipated  space.  Of  these  last  19  schools,  6 had  Series  I 
space  needs  within  13?  of  their  anticipated  available  space. 

The  most  severe  Series  I space  shortages  occurred 
at  community  colleges  2,  3,  4,  5,  8,  and  15.  Individual 
space  increases  of  between  28?  and  166?  existed  above  the 
anticipated  space  levels. 

Space  surpluses  ranging  from  37?  to  90?  of  the  anti- 
cipated space  occurred  at  schools  1,  6,  7,  11,  16,  19,  and 
21.  In  a full  scale  model  application,  space  surpluses 
occurring  in  one  program  area  would  be  consumed  by  programs 
showing  space  shortages. 

A Series  II  space  needs  comparison  with  the  anticipated 
available  space  showed  67?  of  the  community  colleges  needed 
less  than  their  anticipated  space  supply.  Fourteen  schools 
did  not  need  all  the  space  they  had  available  provided  Series 
II  conditions  prevailed  in  1985. 

System  totals  show  that  the  1985  average  total  system- 
wide  Series  I space  need  for  RN  programs  in  Florida's  com- 
munity colleges  equaled  the  total  anticipated  RN  space 
available.  The  problem  was,  of  course,  redistributing  this 
total  anticipated  space  in  the  pattern  of  Series  I space 
needs.  Total  Series  II  space  need  was  32?  less  than  the 
anticipated  RN  space  for  1985.  If  Series  II  conditions 
are  maintained,  one  third  of  the  system's  RN  anticipated 
space,  therefore,  would  not  be 


needed  ii 


Cost  Analysis 


The  total  program  cost  parameters  for  Series  I and 
Series  II  for  each  community  college,  you  may  recall,  were 
allowed  to  be  free  variables.  In  the  Series  I situation, 
the  RN  program  costs  listed  in  Table  1?  depict  1985  dollar 
amounts  necessary  to  insure  scenario  manpower  requirements 
for  community  college  trained  RN's  are  met.  Series  II  pro- 
gram costs  represented  the  ideal  dollar  amounts  needed  if 
space,  student  demand,  and  manpower  requirements  constraints 
were  specified.  Only  in  the  situation  of  program  quality 
improvement  could  an  expenditure  beyond  the  Series  I or 
Series  II  recommendation  be  justified. 

Since  the  costs  listed  are  in  1979  dollars,  the  figures 
themselves  are  meaningless  as  forecasts  of  the  actual  1985 
program  costs  for  each  institution.  Only  relative  differ- 
ences between  community  colleges  within  each  series  situation 
or  between  series,  therefore,  were  investigated. 

A wide  range  of  Series  I program  costs  for  community 
colleges  constrained  by  three  different  RN  manpower  require- 
ments scenarios  existed.  The  maximum  COMB  program  cost 
was  greater  than  90  times  the  minimum  baseline  program  cost. 

The  five  highest  cost  programs  under  the  baseline 
scenario  in  descending  cost  magnitude  are  at  schools  13, 

18,  9,  14,  and  2.  If  the  COMB  scenario  manifests  itself, 
the  order  of  the  schools  with  the  highest  program  costs 
changes  to  2,  18,  13,  9,  and  14.  School  2 shows  an  estimated 
791  increase  in  the  Series  I baseline  to  COMB  scenario 
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transition  while  the  increases  for  the  other  four  schools 
range  from  12%  to  19%. 

The  five  community  colleges  with  the  smallest  Series 
1 program  costs  under  the  baseline  scenario  in  the  order 
of  increasing  costs  were  schools,  11,  7,  10,  20,  and  8. 

Under  the  COMB  scenario,  the  same  schools  in  the  same  order 
had  the  smallest  program  costs. 

The  Series  II  program  cost  range  was  narrower  than 
the  Series  I.  The  maximum  COMB  scenario  program  cost  was 
18  times  the  minimum  baseline  cost,  a factor  of  five  less 
than  the  Series  I range. 

Greater  stability  existed  among  the  highest  cost 
programs  in  the  Series  II  situation  between  the  baseline 
and  COMB  scenarios.  The  six  highest  cost  baseline  scenario 
programs  in  the  order  of  decreasing  costs  were  at  schools 
13,  18,  9,  21,  14,  and  19.  Under  the  COMB  scenario,  the 
order  changed  to  13,  18,  9,  19,  21,  and  14. 

The  five  Series  II  schools  with  minimum  program  costs 
under  the  baseline  scenario  in  the  order  of  increasing  costs 
were  at  community  colleges  11,  20,  7,  10,  and  8.  COMB  sce- 
nario schools  with  the  smallest  program  costs  were  11,  20, 


Comparing  Series  I program  costs  with  Se 
revealed  that  only  community  colleges  1,  6,  16, 
Series  I program  cost  ranges  that  overlapped  th 
ponding  Series  II  cost  ranges.  Schools  7,  10, 


ranges  below 


remaining  14  schools  had  Series  I cost  ranges  above  their 
corresponding  Series  12  ranges.  The  five  schools  with  the 
greatest  discrepancies  between  their  Series  I and  Series  II 
program  cost  needs  were  15,  2,  5,  4,  and  14.  The  average 
costs  for  school  15  for  the  two  series  situations  differed 
by  a factor  of  four.  In  sum,  wholly  two-thirds  of  the  com- 
munity colleges  needed  to  make  efforts  to  increase  RN  program 
funds  in  order  to  move  from  the  highly  probably  1985  trend 
determined  Series  II  situation  toward  the  ideal  Series  I 

System-wide,  the  total  Series  I program  cost  increased 
24%  from  the  baseline  to  the  COMB  1985  RN  manpower  require- 
ments scenario.  For  Series  II,  the  increase  was  only  51. 

The  average  total  Series  II  system  program  oost  was  just 
67%  of  the  system  average  needed  for  the  ideal  Series  I 
situation.  In  conclusion,  the  Series  II  cost  projections 
at  the  system-level  indicated  that  a serious  under-funding 
of  RN  programs  in  1985  would  exist  and  that  the  more  liberal 
RN  manpower  requirements  scenarios  considered  produced  even 

Requirements  Analysis 

The  baseline,  NHI,  and  COMB  1985  RN  manpower  require- 
ments scenarios  depicted  in  Table  12  indicate  the  ideal 
number  of  community  college  RN  program  graduates  needed 
by  county  area  to  meet  1985  statewide  needs.  In  this  sec- 
tion, Series  II  RN  program  graduates  anticipated  from  Florida's 


community  colleges  in  1985  that  entered  the  RN  occupation 
work  force  by  county  were  analyzed  for  each  manpower  require- 
ments scenario.  How  closely  the  Series  II  figures  approached 
the  scenario  requirements  indicated  to  what  degree  the  econo- 
mic demands  for  1985  RN  program  graduates  were  satisfied. 

The  Series  II  baseline  scenario  RN  production  from 
the  community  colleges  in  1985  distributed  to  the  28  county 
areas  as  displayed  in  Table  18.  Eight  counties  had  their 
1985  RN  manpower  requirements  met.  They  were  counties  lf 
3,  4,  7.  9,  10,  12,  and  18.  Shortages  occurred  in  the  re- 
maining 20  counties.  Less  than  half  the  needs  for  1985 
community  college  RN  graduates  were  satisfied  in  counties 
5,  6,  14,  22,  and  27.  The  most  severe  situation  in  terms 
of  the  percentage  of  unmet  manpower  need  existed  in  county 
22  where  66S  of  the  1985  RN  need  for  1985  community  college 
RN  graduates  was  not  met . The  largest  number  shortage  oc- 
curred in  county  21  where  87  additional  1985  community  col- 
lege RN  graduates  were  needed. 

The  state  total  for  the  Series  I RN  production  satis- 
fied 97 " of  the  baseline  requirements.  This  was  not  1001 
since  the  student  flow  matrix  parameters  were  crude  approxi- 
mations. The  small  discrepancy,  however,  proved  to  be  con- 
sistent throughout  the  occupation  demand  scenarios  and 
therefore  did  not  adversely  affect  results. 

The  baseline  Series  II  statewide  total  of  1985  com- 
munity college  RN  program  graduates  entering  Florida's  RN 


.,832.  The  number  needed 
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Only  71X  of  Cbe  demand  for  1985  community  college  RN  program 
graduates  was  satisfied  under  the  Series  11  baseline  scenario. 

Series  I NHI  scenario  results  are  presented  in  Table 
19.  In  the  NHI  scenario , the  number  of  counties  that  had 
their  1985  RN  manpower  requirements  met  was  five,  three 
less  than  in  the  Series  II  baseline  scenario.  They  were 
counties  1,  3,  7,  9,  and  10.  For  counties  that  had  RN  man- 
power shortages,  the  number  that  had  less  than  half  their 
1985  RN  manpower  requirements  met  increased  from  five  in 
the  baseline  scenario  to  seven.  These  hard  hit  counties 
were  4,  5,  6,  14,  17,  22,  and  27.  The  greatest  percentage 
of  unmet  manpower  need  occurred  in  county  22  where  69X  of 
the  1985  RN  requirement  for  1985  community  college  RN  program 
graduates  was  not  filled.  The  largest  number  shortage  existed 
in  county  4 where  249  additional  1985  community  college 
RN  program  graduates  were  needed. 

The  NHI  scenario  Series  II  statewide  total  of  1985 
community  college  RN  program  graduates  that  entered  the 
RN  occupation  in  Florida  in  1985  was  1,876.  The  number 
needed  was  2,932.  Under  the  Series  II  NHI  scenario,  the 
shortage  of  RN  program  graduates  intensified  from  the  base- 
line scenario.  Where  71*  of  the  demand  was  met  in  the  base- 
line scenario,  64X  was  met  in  the  NHI  scenario. 

The  Series  II  COMB  scenario  RN  requirements  data 
are  summarized  in  Table  20.  The  number  of  counties  having 
their  1985  RN  manpower  requirements  met  remained  unchanged 
from  the  NHI  scenario.  They  were  counties,  1,  3,  7,  9 and  10. 


Ss  Analysis 


127 


128 


e greatest 


he  number  of  counties  out  of  the  remaining  23  with  unmet 
8 manpower  needs  that  had  less  than  half  of  their  needs 
cr  1985  community  college  RN  program  graduates  satisfied 
D increase  in  the  COMB  scenario.  In  the  baseline 
five  comities  had  less  than  half  their  needs  met, 
while  in  the  COMB  scenario,  the  number  was  nine.  The  nine 
counties  with  severe  RN  shortages  wer 
14,  17,  19,  22,  27,  and  28.  County  2 
percentage  of  unmet  manpower  need  where  70%  of  the  1985 
community  college  RN  program  graduates  requirement  went 
unfilled.  County  4 had  the  largest  number  shortage  of  RN's 
where  288  additional  1985  community  college  RN  program  gradu- 
ates were  needed. 

The  number  of  1985  community  college  RN  program  gradu- 
ates that  entered  the  RN  profession  in  1985  in  Florida  totaled 
1,926  in  the  Series  I COMB  scenario.  The  number  needed 
was  3,235.  The  shortage  of  RN  program  graduates  continued 
to  worsen  from  the  baseline  scenario  where  29*  of  the  demand 
went  unfilled  to  the  COMB  scenario  where  the  figure  increased 
to  40% . Indeed,  the  community  college  system  had  increasing 
difficulty  in  producing  adequate  numbers  of  RN  graduates 
the  more  the  RN  manpower  requirements  deviated  from  the 
baseline  s 


Strategy  Development 

The  major  emphasis  of  the  chapter  to  this  point  was 
to  demonstrate  how  the  model  combines  the  exploratory  and 
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normative  futures  forecasting  approaches  in  suggesting 
strategies  that  prevent  or  achieve  trend  analysis  system 
future  states  or  adapt  to  more  desirable  inventive  system 
future  states.  The  first  section  specified  student  demand, 

RN  program  space , and  RN  manpower  requirements  constraint 
parameter  values  used  in  the  trend  analysis  1985  long-range 
forecast  involving  Florida's  community  college  RN  programs. 
Ranges  on  the  trend  analysis  forecast  were  derived  from 
using  three  alternative  1985  RN  manpower  requirements  sce- 
narios. The  trend  analysis  system  future  states  were  labeled 
Series  II  futures. 

The  inventive  future  system  states  were  labeled  Series 
I futures.  Student  demand,  RN  program  space,  and  RN  program 
cost  constraint  equation  maximum  limits  were  totally  relaxed 
and  determined  solely  by  the  three  alternative  1985  RN  man- 
power requirements  scenarios.  The  three  manpower  scenarios 
again  set  ranges  on  the  Series  I futures.  Series  I futures 
specify  the  desired  system  futures  states. 

In  the  results  section,  it  was  shown  to  what  extent 
the  RN  programs  in  Florida's  community  college  system  had 
to  change  by  1985  in  order  to  go  from  Series  II  futures 
to  Series  I futures.  Table  21  summarizes  the  primary  limit- 
ing constraints  for  each  RN  program  Series  II  future.  The 
primary  limiting  constraint  was  the  first  constraint  encoun- 
tered that  capped  the  RN  FTE  enrollment  at  a particular 
community  college.  Ideally,  the  primary  limiting  constraint 
desired  was  requirements.  The  RN  program  expenditures. 


Series  II  Primary 
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available  facilities  space,  and  RN  student  demand  should 
ideally  be  just  enough  to  enable  the  requirements  constraint 
to  be  the  primary  limiting  constraint. 

The  first  point  of  interest  concerning  the  primary 
limiting  constraints  listed  in  Table  21  is  the  stability 
of  the  constraints  across  the  three  manpower  requirements 
scenarios.  Only  schools  7 and  10  had  primary  limiting  con- 
straints that  changed.  Primary  limiting  constraints  were 
not,  therefore,  particularly  sensitive  to  the  manpower  re- 
quirements in  the  baseline,  NHI,  and  COMB  scenarios. 

Since  the  objective  was  to  reach  the  point  where 
RN  manpower  requirements  were  the  primary  limiting  constraints 
and  since  Table  21  indicates  that  only  five  community  col- 
leges had  requirements  as  their  primary  limiting  constraints 
through  the  scenario  ranges,  a significant  amount  of  modifi- 
cation was  necessary  before  Series  I futures  could  be  ap- 
proached. Even  the  schools  with  requirements  listed  in 
Table  21  as  their  primary  limiting  constraints  needed  space 
and  demand  changes  to  avoid  wasting  these  resources.  For 
example,  community  college  11  has  requirements  listed  as 
its  primary  limiting  constraint  in  Table  21.  Yet  from  Table 
15  and  Table  16,  both  demand  and  space  anticipated  in  1985 
required  considerable  reduction  to  be  more  in  line  with 
the  Series  I recommended  value  ranges  for  demand  and  space. 

An  initial  step  in  developing  strategies  that  prevent  Series 
II  futures  and  aid  attaining  Series  I futures  was  the  deter- 


which  space  and  demand  needed 


be  reduced  for  schools  having  requirements  as  their  primary 
limiting  constraint  in  Table  21. 

A community  college  that  listed  demand  or  space  in 
Table  21  as  a limiting  constraint  needed  to  increase  the 
constraint  value  to  its  Series  1 level.  This  eliminated 
the  constraint  from  preventing  the  school  from  satisfying 
state  manpower  requirements  for  its  RN  program  graduates. 

In  the  case  of  community  college  21,  demand  needed  to  be 
increased  to  a value  in  the  range  of  its  Series  I enrollments 
in  Table  15.  Once  demand  was  satisfied,  the  objective  of 
having  requirements  as  the  new  primary  limiting  constraint 
was  attained.  Checking  the  space  constraint  at  this  point, 
Table  16  reveals  that  to  prevent  wasting  space,  the  1985 
anticipated  available  space  for  the  RN  program  was  excessive 
and  needed  reduction. 

Not  all  community  colleges  had  requirements  as  a 
new  primary  limiting  constraint  after  their  Table  21  primary 
limiting  constraints  were  eliminated.  For  example,  once 
community  college  2 had  demand  satisfied,  space  became  the 
new  primary  limiting  constraint.  In  sum,  both  student  demand 
and  facilities  space  were  inadequate  in  the  Series  II  futures 
to  enable  school  21  to  meet  state  needs  for  its  1985  RN 
program  graduates.  Table  22  lists  the  Series  II  secondary 
limiting  constraints  defined  to  be  the  constraints  that 
limit  community  college  RN  FTE  enrollment  at  individual 
institutions  after  the  non-requirements  primary  limiting 
constraints  are  eliminated  in  Table  21.  Combining  Table  21 
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Table  22 

Series  IX  Secondary  Limiting  Constraints 


and  Table  22  makes  it  possible  to  determine  wbicb  community 
colleges  face  future  shortages  and/or  surpluses  of  student 
demand  and  facilities  space  regarding  RN  programs.  In  this 
fashion,  specific  strategies  for  each  community  college 
may  be  formulated. 


The  limited  application  of  the  model  to  the  RN  pro- 
grams in  Florida's  community  college  system  revealed  that 
with  a number  of  simplifying  assumptions  the  results  obtained 
could  be  used  to  formulate  strategies  that  adapt  to,  prevent, 
or  achieve  a possible  system  future.  The  most  serious  para- 
meter estimations  occurred  when  approximating  the  student 
flow  matrix  for  RN  program  graduates. 

Specific  results  for  community  college  RN  programs 
indicated  that  a shortage  of  RN  1985  program  graduates  exis- 
ted under  a trend  analysis  1985  projection  of  1980  conditions. 
The  shortage  increased  disproportionately  as  more  liberal 
1985  RN  manpower  requirements  scenarios  were  considered. 


CHAPTER  V 
SUMMARY 


Summary  a 


l Discussion 


This  study  presents  the  results  of  an  initial  research 
effort  in  the  development  of  a statewide  planning  model  for 
public  postsecondary  education.  A prototype  linear  program- 
ming model  was  developed  as  a tool  to  assist  state  postsecon- 
dary education  planners  maximize  selected  system-wide  policy 
objectives.  The  model  could  be  used  to  generate  alternative 
futures  to  aid  state-level  planners  formulate  strategies 
that  adapt  to,  prevent,  or  achieve  a possible  system  future. 
The  focus  of  the  model  was  not  to  predict  the  future,  but 
rather  to  facilitate  anticipation  of  many  futures  and  the 
preparation  of  alternative  strategies  in  response  to  varia- 
ble system  conditions  such  as  enrollment,  social  demands 
for  educational  opportunities,  resource  allocation  patterns, 
and  manpower  requirements. 

The  primary  model  constraint  factors  which  functioned 
3 future  program  enrollments  at  postsecondary 
J institutions  were  student  demand,  available  state 
, and  manpower  requirements.  How  th 
factors  are  interrelated  is  presented  schematically  i 
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Model  Constraint  Factors 
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The  student  demand  factor  reflected  the  importance 
of  integrating  the  need  to  keep  postsecondary  education 
accessible  to  a state's  citizenry.  The  goal  of  public  post- 
secondary education  in  the  United  States  has  historically 
been  toward  providing  educational  opportunities  to  the  masses 
that  elitist  private  institutions  would  not  or  could  not 
provide.  A system-wide  plan  that  neglects  considering  this 
dimension  of  postsecondary  education  is  really  no  plan  at 
all. 

The  state  resources  factor  consisted  of  two  limiting 
constraint  sets.  The  first  related  to  postsecondary  educa- 
tion appropriations,  the  second  related  to  instructional 
facilities.  Both  constraints  were  developed  to  parallel 
the  three-tiered  control /planning  mechanism  within  the  state 
postsecondary  education  systems  after  Heigham  <1969,  pp. 
300-304).  With  feedback  processes  implied,  the  mechanism 
of  control  and  planning  is  schematically  represented  in 
Figure  7.  Equations  3.11  and  3.14  represent  the  total  money 
allocated  and  facilities  supported  for  the  postsecondary 
education  system  at  the  state  political  level  respectively. 
Equations  3.10  and  3.13  represent  the  fact  that  the  sum 
of  the  money  and  space  allocated  to  each  postsecondary  educa- 
tion institution  in  a state  through  the  postsecondary 
education  coordinating/governing  board  or  boards  must  be 
less  than  the  totals  of  these  two  resources  that  were  provi- 
ded by  the  state.  Lastly,  equations  3.9  and  3.12  state 
that  the  amount  of  money  and  space  consumed  by  a particular 
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Figure  7.  Three  Tiers  of  the  Limited  State 
Resources  Constraints 
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program  at  an  institution  cannot  exceed  the  amounts  budgeted 
for  that  program  by  the  institution.  By  their  very  simpli- 
city, these  model  constraints  allow  for  testing  any  set 
of  if-then  cost  and  space  conditions  at  the  specific  control/ 
planning  level  where  the  conditions  are  most  likely  to  occur. 

The  third  and  final  primary  model  constraint  factor 
was  the  manpower  requirements  factor.  This  constraint  fac- 
tor corresponds  to  the  manpower  approach  of  mathematical 
programming  models  in  education  described  by  Correa  (1975, 
p.  29).  The  overriding  interest  in  developing  constraints 
here  was  that  a postsecondary  education  system  should  incor- 
porate into  its  planning  routine  the  economic  needs  for 
an  educated  work  force  of  specific  composition.  The  very 
fact  that  both  students  and  state  funds  earmarked  for  post- 
secondary education  systems  are  scarce  resources  dictates 
that  economic  demands  for  graduates  from  particular  programs 
be  an  integral  part  of  responsible  educational  planning. 

With  some  modifications,  limited  application  of  the 
model  was  accomplished  using  the  registered  nurse,  RN,  pro- 
grams offered  in  Florida's  community  college  system.  A 
set  of  three  future  scenarios  for  1985  based  on  trends  iden- 
tifiable in  1980  were  devised  to  determine  the  1985  manpower 
requirements  for  community  college  RN  program  graduates 
by  state  geographic  area.  Each  of  the  three  manpower  scenar- 
ios was  applied  to  two  different  community  college  1985 


scenarios. 
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The  first  community  college  RN  program  scenario, 

Series  I,  was  a normative  scenario  which  described  1985 
community  college  RN  programs  as  having  the  freedom  to 
satisfy  the  manpower  requirements  optimally.  By  the 
application  of  three  RN  manpower  scenarios,  parameter 
ranges  were  determined  for  the  resulting  ideal  community 
college  RN  program  scenario  futures. 

The  second  community  college  RN  program  scenario, 

Series  II,  was  an  exploratory  scenario  which  described  the 
1985  community  college  RN  program  condition  based  on  1980 
trends.  Again,  parameter  ranges  for  the  resulting  straight- 
line  projection  scenario  futures  were  determined  by  the 
application  of  the  three  RN  manpower  scenarios. 

In  sum,  six  different  1985  futures  were  investigated. 

le  analysis  was  to  compare  Series  I and  Series 
itermine  the  primary  and  secondary  constraints 
I futures  that  prevented  the  community  college 
n 1985  from  attaining  the  ideal  Series  I futures, 
re  then  suggested  from  the  results.  Figure  8 
e model  application  procedure. 


II  futures  to 

RN  programs  it 
Strategies  wet 


The  model,  when  applied  to  the  limited  situation, 
yielded  results  that  appeared  tenable.  The  fact  that  some 
data  required  for  the  model  had  to  be  approximated  demon- 
strated the  nature  of  the  data  problems  that  have  confronted 
mathematical  planning  models  in  education.  Indeed,  Harcleroad 
(1971,  pp.  34-38),  Krause  (1979,  pp.  86-91),  McNamara  (1971, 
pp.  8-9),  and  McTarnaghan  (1974,  pp.  28-29)  have  all  stressed 


Present  System  State 


Range  of  Trend  Range  of  Desired 

Analysis  Future  States  Future  States 


Figure  8.  Developing  Strategies  from  Model  Results 
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If  anticipated  shortages  of  community  college 
trained  registered  nurses  are  to  be  prevented 
in  1985,  steps  suggested  by  the  model  application 
segment  should  be  of  valuable  assistance.  If 
community  colleges  do  not  meet  the  challenge, 
the  following  consequences  may  be  incurred: 

(a)  decreased  health  system  quality  with  corres- 
ponding increased  health  service  cost,  (b)  Florida 
will  import  nurses  from  elsewhere,  and  (c)  other 
institutions,  existing  or  newly  created,  will  train 
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FLORIDA  COMMUNITY  COLLEGE  AND  COUNTY  KEY 


Brevard 


Florida 

Beach 


Jacksonville 


Valencia 


149 


APPENDIX  C 

PROGRAM  AND  COMPUTER  OUTPUT 
FOR  SERIES  II  BASELINE  SCENARIO 
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